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Abstract 
Using a variety of techniques including microscopic grain lithotype analysis, factor analysis, 
sediment pellet occurrence analysis and mapping, the distribution of coarse-grained ice-rafted material 
(IRD) in the Norwegian-Greenland Sea (NGS) was investigated for the last two glacial/interglacial 
cycles (Oxygen Isotope Stages 6+5 and 2+1). This IRD can be classified into three lithotypes: that 
dominated by quartz (QZF), that dominated by dark siltstones (DSF) and that dominated by biogenic 
material (BMF). The DSF predominated in NGS cores from Stage 6 and is thus a "glacial" fades. The 
main source for the DSF lies east of Svalbard; additional sources are the Norwegian continental shelf 
and northeastern Greenland. The QZF predominated the IRD in Stages 5, 2 and 1; because the 
Weichselian (Stage 2) glaciation was much weaker than the Saale (Stage 6) glaciation, the QZF is 
considered to be a "deglacial" and "interglacial" fades. Because the QZF consists of broken-down 
crystalline rocks, source areas could lie anywhere in the Arctic realm. 
Comparisons with the lithofacies of HENRICH (1992) show that the "warm water" fades A and B3 
are dominated by the BMF. The DSF dominates in the lithofacies B2/Bl and C; it does not figure 
strongly in the diamicts, which are usually dominated by the quartz fades (QZF). Although peaks in 
dark siltstone deposition occur during the deposition of the diamicts, quartz dominates over dark 
siltstones in almost every diamict by a factor of about 8 to 1. Yet the dark siltstones must have enough 
total organic carbon (TOC) to create the TOC peaks found by WAGNER (1993) in the diamicts. 
The number of sediment pellets correlates well with the overall climate record, with more sediment 
pellets being deposited during glacial and deglacial times than in interglacial eras. Additionally, 
peaks in sediment pellet occurrence tie in well with peaks in quartz and/ or dark siltstone deposition. 
Few sediment pellets were found in the "warm water" fades B3 and A. More sediment pellets are found 
in the "cool water" fades B2/Bl and C than in the diamicts D, E and F. This may be because the 
sediment that eventually forms sediment pellets is entrained into the glacier on the continental shelf 
during glacier advance. By the time of glacier retreat, the glacier may have eroded most loose sediment 
from the shelf, making it difficult for sediments in the form of sediment pellets to be deposited within 
diamictons. 
Accumulation rates of coarse terrigenous material were highest in Stage 6 and during Terminations II 
and I. Accumulation rate histories for the eastern, western and northern NGS differ strongly. The 
eastern NGS shows a major accumulation rate peak at the beginning of Stage 6; this may signal a rapid 
buildup and decay of the Scandinavian Ice Sheet. The northern NGS has a major accumulation rate 
peak at Termination II; this may indicate the decay of the Barents Sea Ice Sheet. The western NGS 
indicates an accumulation rate peak at Termination I; correlation with ice sheets is difficult due to the 
strong ice transport of the East Greenland Current. Background sedimentation in Stage 6 was greater 
than in Stage 5 by a factor of 2-6 and up to 3 times greater than in Stages 4-2; Stage 6 sedimentation in 
the eastern sector was greater than in the other sectors of the NGS by a factor of 3. 
Glacier retreats can be seen clearly in marine sediment accumulation rates if the glaciers have 
advanced beyond the coastline. Accumulation rate peaks in the eastern NGS tie in well with the glacier 
retreats proposed by BAUMANN et al. (subm.). This makes it possible to correlate marine sediment 
records from the last 200,000 years to terrestrial glacier advance/retreat reconstructions. Based on this 
evidence, a glacier advance/retreat model for the Barents Sea Ice Sheet is proposed. 
A peak in the deposition of dark siltstones or of quartz in the NGS generally occurs <1000 years 
before the deposition of Heinrich layers further south in the North Atlantic Ocean. This, coupled with 
the fact that accumulation rates at the times of deposition of the Heinrich fades are generally 
increasing or high, indicates that there is a possibility that sudden glacier surges and resulting iceberg 
calving events from the Scandinavian Ice Sheet occurred within 1000 years of those from the Laurentide 
Ice Sheet. · 
Zusammenfassung 
Mit Hilfe van verschiedenen Arbeitsmethoden, u.a. mikroskopische Kornlithotypenanalyse, 
Faktorenanalyse, Hiiufigkeitsanalyse van Sediment Pellets ( = Sedimentklasten) und Kartierung, wurde 
die Verteilung von grobkiimigem eistransportiertem Material (!RD= ice-rafted debris) im Europaischen 
Nordmeer (EN) fiir die letzten zwei Glazial/lnterglazialzyklen (Sauerstoffisotopenstadien 6 und 5, 
sowie 2 und 1) untersucht. Es kiinnen 3 Lithotypen des !RD unterschieden werden: QZF wird vorwiegend 
von Quarz, DSF von dunklen Siltsteinen und BMF von biogenem Material beherrscht. DSF dominiert in 
Kernen aus dem EN im Stadium 6; es kann also als "glaziale Fazies" bezeichnet werden. Die 
Hauptquelle des DSF liegt iistlich von Svalbard, andere Quellgebiete sind auf dem norwegischen 
Kontinentalschelf und in Nordostgriinland zu finden. QZF dominiert das !RD in den Stadien 5, 2 und 1. 
Weil das Weichselmaximum (Stadium 2) vie! schwiicher im Vergleich zum Saale-Hochglazial 
(Stadium 6) ausgepriigt war, kann die QZF als "deglaziale" und "interglaziale" Fazies bezeichnet 
werden. Da QZF aus zerbrochenem Kristallingestein besteht, kiinnen die Quellregionen iiberall im 
arktischen Raum liegen. 
Vergleiche mit der lithofaziellen Gliederung aus HENRICH (1992) zeigen, da8 die 
"Warmwasserfazies" A und B3 vom Lithotyp BMF beherrscht werden. Der Lithotyp DSF dominiert in 
den Lithofazies B2/Bl und C aus HENRICH (1992), wiihrend die Diamikte vorwiegend <lurch QZF 
gekennzeichnet sind. Obwohl Anreicherungen clunkier Siltsteine innerhalb der Diamikte vorkommen, 
dominiert Quarz in fast allen Diamikten mit einen Faktor von ungefahr 8 zu 1. Die dunklen Siltsteine 
miissen jedoch genug organischen Kohlenstoff besitzen, um die von WAGNER (1993) gefundenen TOC-
Peaks in den Diamikten zu erkliiren. 
Die Anzahl der Sediment Pellets korreliert gut mit der allgemeinen Klimaentwicklung; es wurden 
deutlich mehr Sediment Pellets in Glazial- und Deglazialzeiten abgelagert als in Interglazialzeiten. 
Au8erdem korrelieren die Sediment Pellet Maxima gut mit den Hiiufigkeiten der Quarz- bzw. dunkle 
Siltstein-Ablagerungen. Nur wenige Sediment Pellets konnten in den "Warmwasserfazies" A und B3 
gefunden werden. Innerhalb der "Kaltwasserfazies" B2/ lll and C liegen die Hiiufigkeiten an Sediment 
Pellets deutlich hiiher als in den Diamikten D, E und F. Die Erkliirung hierfiir ist miiglicherweise, da8 
das Sediment, aus dem die Sediment Pellets bestehen, schon wiihrend der Gletschervorstii8e auf dem 
Kontinentalschelf in den Gletscher inkorporiert wird. Die Lockersedimente des Schelfes sind daher 
vermutlich schon vor dem Riickzug der Gletscher erodiert worden, so daB nur wenig Sediment in Form von 
Sediment Pellets innerhalb der Diamikte abgelagert werden konnte. 
Akkumulationsraten der terrigenen Grobfraktion sind im Stadium 6 und in den Terminationen II und I 
am hiichsten. Die Entwicklung der Akkumulationsraten fiir die iistlichen, westlichen und niirdlichen 
Teile des EN ist stark unterschiedlich verlaufen. Das iistliche EN zeigt maximale Akkumulationsraten 
zu Beginn des Stadiums 6, was auf den rapiden Auf- und Abbau des Skandinavischen Eisschildes deutet. 
Das niirdliche EN zeigt ein deutliches Maximum in den Akkumulationsraten wiihrend des Termination 
II, was auf den Abbau des Barentssee Eisschildes deutet. Das westliche EN zeigt ein Akkumulations-
ratenmaximum wiihrend der Termination I; hier sind Korrelationen zur Entwicklung der Eisschilde 
schwierig wegen des starken Eistransports im Ostgriinlandstrom. Die !RD Hintergrundsedimentation 
war im Stadium 6 um das 2-6-fache hiiher als in Stadium 5 und bis zu 3mal hiiher als in Stadien 4 bis 2. 
Im Ostteil war die !RD Hintergrundsedimentation im Stadium 6 verglichen mit den anderen Teilen des 
EN bis zu 3mal hiiher. 
Gletscherriickziige dokumentieren sich nur dann deutlich in den marinen Sedimentakkumulations-
raten, wenn die Gletscher iiber die Kiiste hinaus gelangen konnten. Maxima in den Akkumulationsraten 
im iistlichen EN korrelieren gut mit den von BAUMANN et al. (subm.) postulierten Gletscherriickziigen. 
Es zeigt sich, da8 es miiglich ist, die Sedimentationsgeschichte des EN wiihrend der letzten 200.000 
J ahre mit terrestrischen Gletschervorstii8en bzw. -riickziigen zu korrelieren. Darauf basierend wird ein 
Gletschervorstoss/-riickzugsmodell fiir den Barentssee Eisschild vorgeschlagen. 
Generell werden im EN maximale Mengen von dunklem Siltstein und Quarz hiichstens 1000 Jahre vor 
der Ablagerung der "Heinrichlagen" im siidlichen Nordatlantik sedimentiert. Verbunden mit der 
Tatsache, da8 Akkumulationsraten wahrend der Ablagerungszeiten der Heinrichlagen meistens 
steigend oder hoch waren zeigt sich, da8 pliitzliche Gletschervorst68e und daraus resultierende 
Kalbungserreignisse des Skandinavischen Eisschildes zu denen des Laurentidischen Eisschildes einen 
Zeitversatz von hiichstens 1000 Jahren aufweisen. 
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I trodu tion 
1. Introduction 
1.1 General 
In comparison to other branches of geology and the other natural sciences, 
palaeoceanography is a very young field. This is mostly due to the fact that the 
technology to sample the ocean bottom in more than a few metres water depth 
was not available before the middle of this century (see HERMAN 1974: HAY 1989). 
Palaeoceanography in the Arctic and Antarctic realms faces not only the obstacle 
of depth, but also of ice, which can hinder or destroy many floating or fixed 
platforms upon which scientists attempt to discover the Earth's secrets (see NAO 
SCIENCE COMMITTEE 1992). In addition, the cold and harsh weather conditions 
limit scientific explorers to the most well-prepared and -supplied. Even a strong 
icebreaker can still be trapped by sea ice, as was evidenced in 1989 with R/V 
Polarstern (see SCHWARZ 1991). 
The advent of polar palaeoceanography is generally marked with the 
expedition of Fritjof Nansen nearly 100 years ago (see NANSEN 1906). Yet progress 
was slow until modern icebreaking technology allowed nuclear and 
conventionally powered icebreakers to reach as far as the North Pole (see e.g. 
TiilEDE and SHIPBOARD SCIENTIFIC PARIY 1988; WEBER and ROOTS 1990; FlJITERER 1992; 
VORREN et aL 1992). 
Yet it is precisely the Earth's polar areas which are the most sensitive to 
changes in climate; one would expect to see the first signs of climate change here. 
This is where sea water cools down enough to sink to the bottom, rejuvenating 
itself into so-called North Atlantic Deep Water (NADW). This water then travels 
throughout the world's oceans, rising to the surface when it warms. If this water 
is, for example, colder than normal, it may cool off the continents and, if the 
conditions are right, may lead to a new ice age. 
Although subjects such as climate change, global warming and the greenhouse 
effect are hotly discussed today, no one knows what a climate change actually 
looks like. It is for this reason that palaeoceanographers and geologists look into 
the sediments deposited during past climate changes. This paper is a contribution 
to that work. 
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1.2 Purpose of Investigation 
Over the past eight years, the SFB 313 (Sonderforschungsbereich = special 
research project) has concerned itself with the indicators for climate change in the 
past and present northernmost North Atlantic Ocean (see THIEDE et al 1990). 
Projects, many of them still in progress, monitor the northern North Atlantic 
through time via ecological, geological, palaeontological, geophysical and 
chemical means. 
This study is concerned with the lithogenic sediments that were deposited on 
the floor of the Norwegian-Greenland Sea (NGS; the northernmost North 
Atlantic) during the last two glacial/interglacial cycles. The sediments in this 
investigation are studied 
* to identify ice-rafted debris within the sediments and to differentiate between 
iceberg-rafted and sea ice-rafted sediments; 
* to determine compositional differences in the lithology of the sediments in 
order to reconstruct ice drift patterns and trace sediments back to their source 
regions; 
* to use the ice drift pattern reconstructions to determine spatial and temporal 
variations in oceanographic currents in the study area; 
* to determine the flux of ice-rafted debris by ascertaining the accumulation 
rates of these sediments over time and to see if these accumulation rates tie in 
with any particular sediment type; and 
* to compare the results gleaned from the investigation of ice-rafted debris to 
marine and continental records investigated in previous studies in order to 
derive a glaciation history of the circum-Arctic land areas and an ice-rafting 
history for the Norwegian-Greenland Sea for the last two glacial/interglacial 
cycles. 
This study is limited to the last two glacial/interglacial transitions (ea. 190-ca. 
60 ka, including Termination II, and ea. 25 ka to present, including Termination 
I) in order to amplify differences between the glacial and interglacial climates. 
The last two cycles are of interest for two reasons. Most sediment cores taken in 
the Norwegian-Greenland Sea area contain these two cycles; thus a detailed 
record of several palaeoceanographic parameters exists for these two cycles, 
whereas previous glacial/interglacial cycles are not as well sampled. A detailed 
knowledge of past climate changes will provide a basis for the modelling of 
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future climate changes; this is the raison d'etre for this as well as all other 
palaeoceanographic investigations. 
The sediment samples studied in this investigation are the same as those 
examined by HENRICH (1992), WAGNER (1993) and MICHELS (In prep.). The present study 
attempts to use several methods, including factor analysis of sediment data, 
analyses of the chronological occurrence of sediment pellets and the mapping of 
accumulation rates of terrigenous material to describe the lithology of the 
sediments and derive palaeoclimatic implications. A combination of this study 
with those of HENRICH (1992), WAGNER (1993) and MICHELS (In prep.) aims to provide a 
multiparameter investigation (lithology, biogenic matter, organic geochemistry 
and bottom current strengths) of sediments from an area that is sensitive to past, 
present and future climate changes. 
Together with similar studies in the same geographic area (BISCHOF 1991; 
WAGNER 1993; MICHELS In prep.), especially that of HENRICH (1992), as well as 
lithological investigations in neighbouring areas (e.g. HEBBELN 1991; KUBISCH 1991; 
SPIELHAGEN 1991), it is hoped that the data from all these studies will contribute to 
an understanding of past eras of climate change with an eye toward 
comprehending the changes that are occurring today. 
1.3 Introduction to the study area 
1.3.1 Pre-Pleistocene history 
The Norwegian-Greenland Sea (NGS) is a relatively young ocean basin which 
opened about 60-55 million years ago (Ma) (TALWANI and ELDHOLM 1977; VOGT 1986; 
ELDHOLM et al. 1989). At this time biogenic evidence points to the possibility that 
the pre-existing Arctic Ocean had temperatures of more than 15° C (CLARK 1990). 
Both the Arctic and Southern Oceans have cooled by more than 10° since the 
opening of the NGS. At about 36 and 15 Ma global cooling events occurred 
(KRISSEK 1989a; BROECKER 1992a) but were apparently not strong enough to lead to 
ice formation in the NGS. Minor amounts of coarse terrigenous IRD as old as 9 
Ma has been found by WOLF (1991; see also SCHAEFFER and SPIEGLER 1986; WOLF and 
THIEDE 1991). Recent data show that the earliest ice transport from the Greenland 
Ice Sheet occurred at ea. 7.0 Ma (LARSEN et al. 1994); due to a lack of dating points 
(an assumption of linear sedimentation rates was made for two data points 
separated by 4 million years) the onset of ice rafting from Greenland may have 
been much earlier. 
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The NGS started cooling again at around 5.9-5.0 Ma, at which time glaciers 
started to form on southwest Iceland (VOGT 1986: WOLF and THIEDE 1991). Ocean 
cooling occurred simultaneously in the Arctic as well as in the Antarctic at 2.56 
Ma (SHACKLETON, BACKMAN et aL 1984; JANSEN et aL 1987; HENRICH et aL 1989b; JANSEN 
and SJ0HOLM 1991; HODELL 1992). Investigations of meltwater episodes in the Gulf 
of Mexico indicate that the first major meltwater peak from the Laurentide Ice 
Sheet occurred at approximately the same time (2.3 Ma; JOYCE et aL 1993) while 
data from Iceland show that glaciers there first reached sea level at this time 
(EIRIKSSON and GEIRSD6TTIR 1991). Carbonate and IRD records show that the climate 
was essentially glacial between 2.56 and 1.0 Ma; some short-term intrusions of 
Atlantic Water occurred east of the V0ring Plateau up to ea. 70°N (HENRICH and 
BAUMANN 1994). 
From 1.0 to 0.6 Ma a warmer climate prevailed, but with interspersed glacial 
stages that were stronger than the one from 2.56-1.0 Ma; conditions were 
generally warmer than in the period before (HENRICH and BAUMANN 1994). The 
Norwegian Current apparently was more extensive and reached further 
northward (HENRICH and BAUMANN 1994). Variations in terrigenous and carbonate 
supply indicate the advent of modern glacial/interglacial cycles after 0.65 Ma 
(BERGGREN and SCHNITKER 1983; KRISSEK 1989b: HENRICH and BAUMANN 1994). Modem 
glacial periods are often marked by periodic intrusions of Atlantic Water from 
the south (HENRICH and BAUMANN 1994; WAGNER and HENRICH subm.); these are more 
frequent and dominant in the interglacials. The modem glacial/interglacial cycles 
appear to be more influenced by changing parameters in the Earth's orbit around 
the Sun than the previous cycles. Apparently the glaciation from 2.56 to 1.0 Ma 
(the cause of which is unknown, but may have been changes in oceanic 
circulation induced by continental drift or mountain uplift; see OERLEMANS 1984; 
PANTIC and STEFANOVIC 1984; RUDDIMAN and KUTZBACH 1989; KUTZBACH et aL 1993) 
lowered temperatures far enough to allow orbital cycles to increase their 
influence on the Earth's climate (HERMAN 1974: JANSEN and SJ0HOLM 1991; see also 
ZACHOS et aL 1993; HAY in prep.). 
1.3.2 Oceanography, ice 
The Norwegian-Greenland Sea is the only significant link between the 
Atlantic and Arctic Oceans and has been "the battleground between polar and 
subtropical water masses over the last 2 to 3 million years" (VOGT 1986). Presently 
surface currents in the NGS are marked by relatively warm water flowing from 
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the Atlantic Ocean into the southern and eastern NGS and cold Arctic Water 
flowing into the northern and western NGS (Fig. 1). The Norwegian Current 
brings the relatively warm North Atlantic Water (NAW; temperature 6-10°C, 
salinity 35.1-35.3%o) northwards off the Norwegian coast; the Norwegian Coastal 
Current (NCC) flows northward further toward land. The NCC and the eastern 
portion of the NAW then flow along the northern coast of Norway (North Cape 
Current) and exit into the Barents Sea while the main portion of the NAW 








t f I; 
Figure 1: Modern surface currents in the Norwegian-Greenland Sea. From 
Henrich et al. (subm). 
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Cold water is discharged from the Arctic Ocean into the western NGS via the 
East Greenland Current (EGC; temperature <0°C, salinity 30-34'Yoo). Water in the 
EGC can continue to flow southward into the Atlantic Ocean through Denmark 
Strait or curve eastward in the East Iceland or the Jan Mayen Currents. Water in 
the central NGS (the Arctic Surface Water) that results from the mixing of the 
cold EGC waters and the relatively warm NAW has a temperature of 0-4°C and a 
salinity of 34.6-34.9%o (SWIIT 1986). 
The Norwegian-Greenland Sea and the Arctic Ocean differ from most of the 
world's other oceans because of the presence of a broad blanket of sea ice covering 
portions of them. This blanket serves not only to insulate the water from the 
atmosphere, but also provides a great source of salt where ice is forming (salt is 
left behind when seawater freezes) and of freshwater in areas of melting ice. In 
addition, the ice can be sediment-laden, providing coarser sediments a way of 
reaching the deep ocean basins in this area. Presently approximately 2600 km3 of 
sea ice enters the NGS from the Fram Strait every year (MAYKUT 1985; KVAMBEKK 
and VINJE 1993). This leads to a large inflow of freshwater into the NGS, which can 
affect circulation and bottom water patterns (KVAMBEKK and VINJE 1993; MELWR and 
HAKKINEN 1993). 
1.4 Ice-transported material 
1.4.1 Definition 
Glaciomarine sedimentation is defined (MOLNIA 1983b) as: 
"[ .. .] a complex process that results in the accumulation of glacially eroded, 
terrestrially derived sediment within a variety of facies in the marine 
environment. Sediment may be introduced into the depositional 
environment by fluvial transport, by ice-rafting, as an ice-contact deposit, or 
rarely by aeolian transport." 
This definition encompasses all sediments that have in some way been associated 
with both glaciers and the sea. In this paper we are more concerned mostly with 
distal glaciomarine sediments. Since these distal (more than ea. 100 km from the 
glacier terminus) sediments have been transported by sea ice or icebergs, they are 
usually called "ice-rafted detritus" (IRD). General characteristics of glaciomarine 
sediments include dropstones, finely laminated layers, great thickness and extent, 
and a lack of grain size sorting (HAMBREY and HARLAND 1981; ELVERH0I and HENRICH In 
press). Any of these factors alone is not an indication for glaciomarine 
sedimentation, but a combination of factors points strongly to such deposition. 
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Glaciomarine sediments are presently accumulating in approximately 10% of the 
oceans in the world. In the last glacial period this expanded to approximately 50-
60 million km2 (DREWRY tn HALLET 1981). Approximately 200,000 km3 of sediment 
were deposited by ice in the North Atlantic during this time (RUDDIMAN 1977). 
1.4.2 Identification 
IRD does not, however, refer only to iceberg-rafted sediments, but also to those 
carried by sea ice. Differentiating sediments that have been dropped by melting 
icebergs from those that have been deposited by melting sea ice is not an easy 
task, yet it is important in the reconstruction of both palaeoclimates and of glacial 
advances and retreats. Due to the processes by which sediments are incorporated 
into glaciers vs: those through which sediments are entrained into sea ice (see 
following section), glacial (iceberg-deposited) sediments are usually considered to 
be coarser than those dropped by sea ice (see VON HUENE et al. 1973; HOPKINS and 
HERMAN 1981; SPJELDNAES 1981; CLARK and HANSON 1983). Sediment grains coarser 
than 63 µmare usually considered to be ice-rafted (MULLEN et al. 1972, WATKINS et al. 
1982), and grains >500 µmare considered to be iceberg-rafted (but see EMERY 1963). 
Several studies have used this 500 µm boundary to reconstruct past iceberg drift 
paths (e.g. MOLNIA 1983a; BISCHOF 1991; KUBISCH 1991; SPIELHAGEN 1991; S0RFLATEN 
1991; ELVERH01 1992). But it must be kept in mind that, although it is less likely 
that coarse sediments are incorporated into (and later deposited by) sea ice than 
into icebergs and glaciers, this does not mean that it is impossible. Many 
investigations in the Arctic have found coarse sediments on or in sea ice (e.g. 
KANE 1857; TARR 1897; HERMAN 1974; WOLLENBURG 1991; NORNBERG et al. 1994), and 
certain occurrences of coarse (>63 µrn) debris in sediment cores have been 
attributed to sea ice as opposed to iceberg rafting (FERGUSON 1970; DALLAND 1976; 
WOLF and THIEDE 1991). Often an iceberg (or sea ice) interpretation will be thrown 
out in favour of the other interpretation based mainly on theoretical grounds (i.e. 
the improbability of the disfavoured interpretation based on other evidence); 
distinguishing between iceberg- and sea ice-rafted sediments only on the basis of 
grain size is practically impossible. 
Debris flow deposits have many characteristics in common with sediments 
deposited by floating ice and the two can often be easily confused. However, 
while both debris flows and ice-deposited sediments are poorly sorted, debris 
flows are stratified and texturally uniform while IRD is massive and texturally 
varied (KURrZ and ANDERSON 1979; Cu.RR et al. 1980; AKSU 1984). 
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1.4.3 Processes of sediment incorporation into sea ice vs. icebergs 
No attempt to interpret the origin and depositional environment of ice-rafted 
sediments would be complete without mentioning how these sediments are 
incorporated into the ice. An extensive review of the processes by which 
sediment can be entrained into sea ice and icebergs is provided in GOLDSCHMIDT et 
aL (1992; see also OSTERKAMP and GOSINK 1984; SYVITSKI et aL 1987, SYVITSKI 1989, 
GILBERT 1990 and WOLLENBURG 1991). This information is summarised in Fig. 2. 
There are 6 main ways that sediment can enter sea ice: 
* with the wind (aeolian; GILBERT 1983); 
* via frazil ice which forms when winds whip over cold open water, 
supercooling the water and trapping sediment that has been stirred up from the 
bottom; it is also more descriptively called "slush ice" (BARNES et aL 1982; KEMPEMA 
et aL 1986, 1989); 
* via anchor ice, which forms on the sea bottom and can carry large stones 
upward, where it can be frozen into the ice canopy (DAYTON et aL 1969; KEMPEMA et 
aL 1986, 1989, 1990); 
* via avalanches, rockfalls or slush flows onto the ice surface (KANE 1857; 
FERGUSON 1970; CARfERetaL 1987; R MAUSBACHER, pers. comm. 1991); 
* by bottom and beach contact (TARR 1897; CLARK and HANSON 1983); and 
* via rivers draining under or onto the ice (TARR 1897; REIMNITZ and BRUDER 1972). 
Of these 6 ways, the aeolian, frazil and river processes contribute mostly fine 
sediments. Although the other 3 methods can incorporate coarser sediments, the 
likelihood of sediment being transported more than a few km is relatively small 
because the sediment is attached to the topside or underside of the ice and not 
contained within the ice (GOLDSCHMIDT et aL 1992). 
There are 2 main ways in which sediment can be incorporated into glaciers and 
eventually icebergs. These are supraglacial deposition (mainly by aeolian action 
and rockfalls) and subglacial erosion (by shear thrusting, melting and refreezing 
of ice around obstacles on the glacier bed; BOULTON 1978: WAKAHAMA and TUSIMA 1981; 
DOWDESWELL 1986, 1987; ECHELMEYER and ZHONGXIANG 1987). Additionally, sediments 
can be incorporated into basal ice if a glacier overrides sea ice in front of the 
glacier or if anchor ice forms beneath the floating glacier (see DIECKMANN et aL 1986; 
JACOBS 1989; GOODWIN 1993). Iceberg dragging of sediments in front of a glacier (see 
OSTERKAMP and GOSINK 1984; JOSENHANS and WOODWORI'H-LYNAS 1988) can also occur if 
the water depth is shallow enough and icebergs are large enough; 









Figure 2: The means by which sediment can be incorporated into a) sea ice and b) 
glaciers and icebergs. See details zn text. a) after Wollenburg (1991) and 
Goldschmidt et al. (1992); b) after Goldschmidt et al. (1992) and Hambre11 and 
A lean (1992). 
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this contributes by far the least sediment and is also the least likely to survive to 
distal deposition. Supraglacial deposition and subglacial erosion can contribute 
sediments that are coarse-grained and that can survive iceberg transport for long 
distances (both supraglacial and subglacial debris can move into the glacier if 
entrainment occurs in the glacier accumulation zone; see SUGDEN and JOHN 1976). 
Not only are coarser sediments incorporated into glaciers, but the coarseness can 
be amplified if meltwater washes out at least some of the fines in the glacial 
environment (BRODZIKOWSKI and VAN LOON 1991). 
Therefore it can be shown that sediments entrained into and later deposited by 
glaciers/icebergs are generally coarser than those entrained and deposited by sea 
ice, although there are exceptions to the rule (see previous section). In this paper 
it is assumed that coarse IRD found in sediment cores was deposited by melting 
icebergs (see KENT et al. 1971; VON HUENE et al. 1973; HOPKINS and HERMAN 1981). Studies 
of modern ice shelves have shown that subglacial debris is usually deposited 
behind the shelf's grounding line or beneath the floating portion of the glacier 
(HUGHES 1981; ANDERSON et al. 1980; DREWRY and COOPER 1981; ALLEY et aL 1989). 
Assuming that past glaciers behaved in the same manner, then the debris that 
was deposited on the bottom of the Norwegian-Greenland Sea by icebergs consists 
mostly of englacial sediment: the supraglacial sediment would have been 
deposited further landward due to iceberg capsizing. Alternatively, the sediment 
could be subglacial if it were incorporated into smaller outlet glaciers and ice 
tongues (see GRIFFITii and ANDERSON 1989). 
1.4.4 Glacier classification vs. sedimentation 
Not only can sediments incorporated into glaciers differ from those entrained 
into sea ice, but the type of glacier can also influence the characteristics and 
amount of sediment entering it. The most obvious example of this is that while 
all glaciers have their source on land, some glaciers end on land while others 
terminate in the sea; here we are concerned only with "marine" glaciers. But not 
all marine glaciers are alike or contain the same type or amount of sediment. A 
glacier moving over a bedrock substrate will pick up less sediment than one 
moving over loose sediments; the bedrock substrate induces angular grain shape 
while the loose sediments will lead to rounded shapes (HUGHES 1992a; KUHN et al. 
1993; ALLEY and MACAYEAL subm.). An intermediate amount of sediment is 
entrained if the loose sediments are frozen (BOULTON 1979; ASHLEY et al 1985). 
Additionally, "soft" lithified sedimentary rocks such as sand- and siltstones are 
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more vulnerable to erosion by glaciers than crystalline rocks such as granites (see 
HAY in prep.; ALLEY and MACAYEAL subm). If the bottom of a glacier consists of a slurry 
of sediment with a high water content (a "wet-based" glacier, according to the 
simplified model of CAREY and AHMAD 1961; BLANKENSHIP et al. 1987), the glacier can 
glide over the substrate, enabling it to pick up more sediment than one frozen to 
the substrate (a "dry-based" glacier; ANDERSON et al. 1984; POWELL 1984; DOWDESWELL 
1986; DREWRY 1986). If only a small portion of the glacier floats on ocean water, 
sediment has less of a chance to melt out of the glacier before iceberg calving than 
if a large ice shelf has developed (DREWRY and COOPER 1981; POWELL 1984; ALLEY et al. 
1989; POWELL and MOLNIA 1989). Similarly, englacial sediments, despite being less 
common than basal debris, have a greater chance of surviving the journey to the 
deep ocean in icebergs than do basal sediments, most of which could be deposited 
relatively soon after iceberg calving (ANDERSON et al. 1980; DOWDESWELL and 
DOWDESWELL 1989). Large icebergs which contain more sediment (and which take 
longer to completely melt) will calve more frequently from a glacier prone to 
surging than a more uniformly moving glacier (VINJE 1985; DOWDESWELL 1989). 
Other factors, including the size of the glacier, the magnitude of geothermal 
heating beneath the glacier, the water depth at the calving location and the rate of 
calving, can affect the type and amount of sediment that enters the glacier and/ or 
the amount released and iceberg transport distance (DREWRY and COOPER 1981; 
DOWDESWELL and MURRAY 1990; HUGHES 1992b; ALLEY and MACAYEAL subm.). 
We can therefore conclude that glaciers with a frozen ("dry") base moving 
over bedrock and having a large ice shelf at their mouth tend to be sediment-
poor at the time of iceberg calving while those with a "wet" (sediment slurry) 
base moving over loose sediment and/ or sedimentary rocks and having a small 
amount of floating marine ice tend to contain larger amounts of sediment. 
Therefore it is more likely that wet-based glaciers, those that travel over loose 
sediment and those with small marine floating ice will (and did) lead to iceberg 
sedimentation in the Norwegian-Greenland Sea and other high-latitude deep 
ocean basins. 
The time that it takes for an iceberg to melt is principally dependent on its size, 
its speed and the temperature of the surrounding water. Measurements by the 
International Ice Patrol show that a large (waterline length 120 m, mass 2 million 
tonnes) iceberg in 10°C water will totally melt in 11 days; it will take 38 days in 
2°C water and 90 days in 0°C water (CAMMAERT and MUGGERIDGE 1988). 
Measurements conducted over a few days on icebergs (not until the ultimate 
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disintegration) in Greenland fjords show melting rates of 1.5-19 cm/day in 2-3°C 
water (see DOWDESWELL and DOWDESWELL 1989); on a 120 m long iceberg this would 
lead to disintegration in more than 2 years. Ice Island T-3, calved off a glacier on 
Ellesmere Island, cruised through the Arctic Ocean for several years before 
passing through the Fram Strait and melting. Two years is more than enough 
time for an iceberg to reach the deep ocean; the fastest icebergs (in open waters) 
can reach 1.2 m/s (MOBIL OIL CANADA LTD. 1985). 
1.4.5 IRD as a palaeoceanographic tool 
The previous section concerned itself mostly with glaciology: observations 
were made at presently existing glaciers and implications for marine 
sedimentation were constructed. Geology and palaeoceanography, including this 
paper, work in the other direction: sediments are observed after deposition and a 
palaeoenvironment is reconstructed. 
Sediments deposited in polar seas have several characteristics which can point 
to their origin and mode of transport; this information is summarised in Table 1. 
Table l: Factors which may be used to distinguish sediments derived from 
sea ice from those derived from icebergs (under modern conditions) 
(after Goldschmidt et al. 1992) 
Parameter Sea Ice Iceberg/Glacier 
Grain shape usually rounded angular (supraglacial) 
rounded (subglacial) 
Grain size usually fine fine to coarse 
Lithology Alaskan and areas of calving 
Eurasian shelves tidewater glaciers 
Biogenic matter: 
Pollen present supraglac!al only 
Spores present supraglacial only 
Marine species present planktic 
Freshwater species present present 
Sediment pellets absent(?) present 
* Grain size: Coarse sediment is more likely to have been deposited by icebergs. 
* Grain shape: Highly rounded grains point to sea ice rafting while fractured 
rounded grains point to iceberg rafting (MULLEN et at. 1972: ANDERSON 1981). 
Angular grains can occur in both sea ice and glaciers (HERMAN 1974). 
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* Striations: A striated sediment grain shows that the grain was entrained into 
the basal part of a glacier; striations can also occur in sediments rafted solely by 
sea ice (MUUEN et aL 1972; BOULTON 1978). 
* Grain lithology: The lithology of the sediment can point to the source area 
and, in combination with the other characteristics above, can indicate whether 
this source area has undergone glaciation (MULLEN et al. 1972; HENRICH 1989; 
BISCHOF 1991; HEBBELN 1991; KUBISCH 1991). Unfortunately, in the case of non-
sedimentary rocks only grains several cm in diameter can provide us with a 
definite source area, because below this size the rocks have been essentially 
reduced to their constituent minerals (see HALDORSEN 1983; KUBISCH 1991). 
Sedimentary rocks, including siltstones, coal and chalk, are more uniform and 
smaller samples can therefore be recognised. 
* Presence of sediment pellets: Sediment pellets, cm-sized aggregates of coarse-
grained sediment, are considered to have been deposited by melting icebergs 
(CLARK et al. 1980; GOLDSCHMIDT et aL 1992). Aggregates of sediment similar to 
sediment pellets have been found on the surface and within basal ice of glaciers 
(HOINKES 1915; RAY 1935; KOSHIMA 1989; GOODWIN 1993; TISON et aL 1993). Cryoconites, 
finer-grained aggregates of sediment found on the surface of sea ice in the Arctic 
(e.g. WOLLENBURG 1991), have not (yet) been found in deep-sea sediments 
(GOLDSCHMIDT et aL 1992). The presence of sediment pellets can usually be viewed 
as an indicator that the sediments in the matrix around the pellets were also 
deposited by icebergs. 
1.4.6 The interpretation of ice-rafted debris 
Sediment interpreted to be IRD can tell us several things. Most obviously it 
demonstrates that the climate was cold enough at the time of deposition to allow 
the formation of sea ice and/or glaciers large enough to reach the coast (see 
JANSEN and SJ0HOLM 1991). Areal studies of IRD also demonstrate along which 
paths icebergs and sea ice drifted and where melting occurred, thus recreating the 
ocean and wind currents prevailing at the time (both icebergs and sea ice are 
influenced more strongly by ocean currents because 90% of their mass is under 
water; larger icebergs are thus more affected by ocean currents; TCHERNIA and 
JEANNIN 1980: JACOBS 1989). IRD can also show what areas were glaciated and 
whether the glaciers were, for example, wet-based or dry-based (see Section 1.4.4). 
The concentration of IRD can also reveal whether glacier surges released great 
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quantities of debris-containing icebergs (RUDDIMAN and MCINTIRE 198lb; BOND 1992a-
d; HENRICH 1992; SANCEITA 1992; ALLEY and MACAYEAL subm.). 
1.5 Sources of IRD on the circum-Arctic continents 
In order to reconstruct former ice drift patterns based on characteristics of the 
sediment enclosed by the ice, one must have a knowledge of the near-surface 
geology of the areas where the sediment may have been incorporated into the ice. 
Following is a brief overview of possible source locations of dark siltstones, chalk, 
coal and crystalline rocks. Quartz (which is derived from the breakdown of 
crystalline rocks) and dark siltstones were determined to be the most significant 
terrestrial IRD lithologies (see Chapter 4), while coal and chalk are easily traceable 
minor IRD lithologies. WAGNER (1993) discusses the location and petrographic 
characteristics of coal and dark siltstone source areas in detail. 
Chalk does not occur at all in the Arctic realm. Its northernmost outcrop is in 
the North Sea area (BUBNOFF 1952; HANCOCK 1984). Thus its presence in sediments 
from the bottom of the Norwegian-Greenland Sea would indicate northward 
drifting of ice from the North Sea area (and from additional outcrops in Britain 
and the Baltic Sea), which was reached by glaciers in almost every glacial period 
in the last 2.6 Ma (HENRICH 1989; HENRICH and BAUMANN 1994). 
Coal, on the other hand, occurs in abundance in the northern polar regions: 
* Jurassic to upper Cretaceous coals occur in the two Norwegian coastal areas 
And0ya and Tun (HORN 1931; DALI.AND 1981). 
* Devonian, lower Carboniferous, Jurassic, Cretaceous and Palaeogene coals 
were deposited on Spitsbergen (HARLAND et al. 1976; FORSBERG and B.JOR0Y 1981). 
* Carboniferous, Jurassic and lower Cretaceous coals occur on Franz Josef Land 
(DlBNER and KRYWVA 1965). 
* Lower Cretaceous coals outcrop on several small islands in the Kara Sea 
(CHURKIN et al. 1981). 
* Cretaceous coals are found on the Taymyr Peninsula (CHURKIN et al. 1981). 
* Jurassic and Cretaceous coals occur in abundance on the Siberian and 
Canadian continental shelves (DURTO 1981; KERR 1981; CHURKIN et al. 1981; ZIEGLER 
1988). Continental shelves in shallow water can be eroded by ice when glaciers 
advance onto the shelves which had been exposed by the drop in sea-level 
associated with glaciations. 
* Lower Carboniferous coals occur on Holm Land and Peary Land in northeast 
Greenland (HAKANSSON and STEMMERIK 1984). 
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* Upper Triassic to lower Jurassic coals occur on Jameson Land in eastern 
Greenland (CHRISTIANSEN etaL 1989). 
Dark sand-, silt- and claystones (hereafter grouped together as "siltstones") also 
are abundant in the Arctic realm: 
* Jurassic to Tertiary siltstones occur on the Norwegian continental shelf (BUGGE 
et al. 1984). 
* Mesozoic and Cenozoic siltstones can be found on Spitsbergen and in the 
western Barents Sea, which, like the Siberian Shelf, is shallow enough to have 
been glacier-covered during glaciations (EDWARDS 1975; ELVERH0I and SOLHEIM 1983; 
ELVERH0I and IAURITZEN 1984: B10RLYKKE et al. 1987; DOWDESWELL 1988; KELLY 1988). 
* Carboniferous to Jurassic siltstones occur on Franz Josef Land (DIBNER and 
KRYLOVA 1965; CHURKIN and TREXLER 1981). 
* Devonian and lower Cretaceous siltstones can be found on the Taymyr 
Peninsula and on Novaya Zemlya (CHURKIN et al. 1981). 
* Proterozoic siltstones are found in the Siberian lowlands between Taymyr and 
the Lena River (CHURKIN et al. 1981). 
* Siltstones were deposited throughout geologic time in the Queen Elizabeth 
Islands of Arctic Canada and in northern Greenland (FUNDER 1989; HODGSON 1989; 
FRISCH and TREITIN 1991; TRETI'IN 1991). 
Crystalline rocks can be found in several terrestrial Arctic locations: 
* Upper Palaeozoic and Proterozoic gneisses and quartzites occur on Spitsbergen 
(BIRKENMAJER 1981; HJEUE and IAURITZEN 1982). 
* Quartzite and gneiss crop out in the northern Barents Sea and large parts of 
Norway (BISCHOF 1991). 
* Proterozoic gneiss, phyllite, quartzite and marble are found on the Taymyr 
Peninsula and in the Siberian lowlands between Taymayr and the Lena River 
(CHURKIN etal. 1981). 
* Precambrian amphibolites, granulites and gneisses can also be found in Arctic 
Canada (especially southeastern Ellesmere and eastern Devon Islands) and 
northern Greenland (FUNDER 1989; HODGSON 1989; FRISCH and TRETI'IN 1991; TRETI'IN 
1991). 
* Post-Silurian granites occur in eastern Greenland (FUNDER 1989). 
Because crystalline rocks and dark siltstones occur throughout the north polar 
regions, the drift tracks of ice carrying these lithotypes can be reconstructed only 
with difficulty when only the presence or absence of the different lithotypes is 
used. Detailed analyses of petrographic and geochemical properties of these 
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lithotypes, such as those found in WAGNER (1993), are needed to refine the 
sedimentological data. Reconstructions using the data from this study plus those 
of WAGNER (1993) and other studies are found in Section 5. 
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2. Material and Methods 
2.1 Lithology of sediment samples 
2.1.1 Sample selection 
Cores selected for sampling of sediments for lithological studies are shown in 
Table 2 (bold lettering; Figure 3). The layout of the cores defines two transects, one 
running northwest-southeast across the central Norwegian-Greenland Sea and 
the other striking west-east between Greenland and southern Spitsbergen. These 
cores were chosen because their location can provide both detailed information 
for the transects themselves and general information for the Norwegian-
Greenland Sea as a whole. A large database for comparison already exists for these 
cores (HENRICH et al. 1989a; BISCHOF et al. 1990; SCHOLTEN et al. 1990; BISCHOF 1991, 
1994; HAMICH 1991; PAETSCH 1991; SODING 1991; SfRUCK and NEES 1991; HENRICH 1992; 
PAETSCH et al. 1992; STRUCK 1993; WAGNER 1993). The same samples that were 
investigated for other parameters by these other authors were examined for IRD 
lithology in this study. Two additional cores (23454 and 23456) were included to 
broaden the database for the northern transect. 
2.1.2. Sampling and preparation 
Samples from each of the cores were taken on board ship. The sampling 
interval was 5-10 cm, which eventually led to a temporal resolution of ea. 200 to 
ea. 7000 years, depending on the sedimentation rate. The samples that were 
investigated were taken from the beginning of Stage 6 (186-128 ka) to the end of 
Stage 5 (128-71 ka); additional samples were taken to document the transitions 
between Stages 7 and 6 and Stages 5 and 4. The same method was used for Stages 
2 (24-13.6 ka) and 1 (13.6 ka-present); additional samples were taken to document 
the transition between Stages 3 and 2. Thus investigated samples had ages of ea. 
190 to ea. 60 ka and ea. 25 to ea. 0 ka. 
A summary of the sample preparation is shown in Figure 4. An approximately 
2-5 cm3 sample was used for carbonate measurements; these provided a 
preliminary stratigraphy (see Section 3). Samples collected from the same depth as 
the carbonate samples were dried, weighed and washed in a hydrogen peroxide 
solution to disintegrate aggregates. The sediment mixture was then washed 
through a 63 µm sieve to separate the coarse from the fine fraction. The coarse 
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fraction was then dried and weighed; the fine fraction was not used in th
is 
investigation and will not be further described. 
Table 2: Parameters concerning studied cores 
Core Ship• Cruise Latitude Longitude Water Recovery Depth (m) (m) 
17728 M Xlll/2 76°3l.2'N 03°57.s'E 2473 5.95 
21845 p Vll/ 1 69"27.7'N 15°47.0'W W5 2.83 
21852 p Vll/1 70015.2'N l5°49.6'W lla5 5.73 
21<;00 p Vll/1 74°32. l 'N 02°19.2'W 3.544 4.70 
21906 p Vll/1 76°50'N 02°09·w ~ 6.52 
21910 p VII/ 1 75°37.0'N 01°20.4'E 2446 6.61 
23009 M 11/2 70018.3'N 03°07.4'W 2281 6.22 
2n2 M 11/2 68°43.l'N 00°10. l 'W 2244 7.00 
230{6 M 11/ 2 68°29.7'N 00°49. l 'E 2SJ2 7.85 
23071 M 11/2 67°05.l 'N 02°54.5'E 1n 8.05 
23199 p 1/1 68°22.S'N 05°13.S'E '.X>l7 6.5 
23243 p 11/ 4 69°22.3'N 06°32.4'W 2710 7.67 
23244 p 11/4 69"21.9'N 08°39.4'W 2127 6.68 
23245 p 11/4 69°23.0'N 10°47.o·w 1700 6.17 
23342 M Vll/5 71 °38.2'N 08°26.7'W 1974 5.98 
23352 M Vll/5 7D°00.4'N 12°2s.8w 1819 8.26 
23353 M Vll / 5 70034.2'N 12°43.3'W 1394 11.00 
23357 M Vll/5 70057.3'N 05°32.6'W 1736 5.26 
233.59 M XVll/4 65°32.0'N 04°08.S'W 2818 5.W 
23454 M XXl/4 76°45.l 'N 08°92.6'E 2144 3.61 
23456 M XXl/4 77°04.0'N 06°20.S'E 2182 6.34 
643A JR 104 67°42.9'N 01°02.0E 2446 565.2 
Bold print: cores used for sedimentologlcal as well as other studies 
Normal print: cores used only for studies other than sedlmentology 
·ships: M = Meteor, P = Polarstem, JR = JOIDES Resolution 
After weighing, the coarse subsample was dry sieved into the following 
fractions: 63-125 µm, 125-250 µm, 250-500 µm, 500-1000 µm and > 1000 µm. These 
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fractions were then weighed to determine the percentages of the weights of the 
various fractions in regard to the coarse and the total sample weights. As seen in 
Fig. 4, the core was also continuously sampled for the preparation of radiographs 
(23x15x0.8 cm); these were used to determine the presence of sediment pellets (see 
Section 2.3). 
wrr E 
• v . 23071 enng 
Plateau 
Figure 3: Locations of cores investigated for sedimentological parameters in this 
study. 
Figure 4 (following page): Process of sedimentological investigations used in this 
study. 
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2.1.3 Investigative methods for IRD lithotype determination 
The lithology of ice-rafted sediment was determined by investigating two 
groups of sediment fractions: the 125-250 µm and the 250-500 µm fractions 
together plus the 500-1000 µm and the >1000 µm fractions together, resulting in a 
125-500 µm and a >500 µm fraction. Both fractions were analysed identically. At 
least 300 grains per fraction (equals >600 grains per sample) were examined under 
a reflecting light microscope. 300 grains is considered to be well within the limit 
of statistical significance. Occasionally the >500 µm fraction consisted of fewer 
than 300 grains; in this case all the existing grains were counted. Slight statistical 
errors may occur when there are fewer than 300 grains (see WATKINS et al. 1982). 
The grains were classified into 22 lithological classes plus one for biogenic grains 
(which consists almost exclusively of the shells of the planktic foraminifera 
Neogloboquadrina pachyderma sin); these classes are shown in Table 3. A similar 
study (BISCHOF 1991, 1994) found that a more detailed analysis (106 classes), while 
providing information about more specific rock types, could not be used in 
analysing spatial and temporal variations; the great number of classes prevented 
uniform correlations in space and time. Grain count percentages were then 
calculated and multiplied by the percentage of the correct subfraction in regard to 
the total fraction, resulting in a weight percentage. These weight percentages of 
the lithological fractions can be directly compared to data collected from the same 
cores by other investigators (HENRICH et a1.. 1989a, BISCHOF 1991; HENRICH 1992; 
WAGNER 1993; MICHELS in prep.). 
2.1.4 Factor analysis 
After grain analysis had been completed, the grain percentages were subjected 
to factor analysis to determine the statistical significance of IRD lithotypes over 
time and to determine whether certain IRD lithotypes occurred together. Factor 
analysis was done for the grain counts of the > 125 µm fraction (including 
biogenic matter) for each core. This was accomplished using the McCABFAC 
program (lMBRIE and KIPP 1971; KLOVAN and IMBRIE 1971). The factor analysis program 
outputs five chief statistical variables: 
1) six IRD lithotype factors, each of which consisted of a single IRD lithotype or 
a group of IRD lithotypes; 
2) the factor loading (similar to a correlation coefficient) of each IRD lithotype 
factor for a certain sample, which demonstrates the significance of the factors for 
that sample; 
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3) the communality, which demonstrates how well the six IRD lithotype 
factors together describe the IRD lithology of the sample; 
4) the variance, which shows how significant the IRD lithotype factor is for the 
entire core; and 
5) the factor scores (= principle components), which describe which factor is 
made up of which IRD lithotypes. 
Table 3: Uthologies investigated In this study 


















light crystalline rock 
dark crystalline rock 
red crystalline rock 
green crystalline rock 
others (biogenic matter) 
For example, Table 4 (a and b) is an excerpt of the results from Stages 5 and 6 in 
core 23456. Table 4a lists the factor results for the individual samples. The first 
column in Table 4a shows the depth of the sample (e.g. 345 cm for the first 
sample). The second column presents the communality of the sample (e.g. 0.992 
for the first sample); as can be seen, all communalties are ~0.992, which is 
excellent (1.000 is perfect, >0.900 is significant, and <0.500 is dismal). The third 
through eighth columns list the factor loadings for the six factors (e.g. 0.166, 
0.931. .. for the first sample); factor 1 is the most prevalent factor for the entire 
sampled interval (in this case Stages 5 and 6) and factor 6 is usually the least. As 
can be seen, factor 2 is the most important factor in the first five samples, after 
which factor 1 becomes the most important (here 1.000 is again perfect, >0.700 is 
significant, and <0.500 is again dismal, but <-0.700 is significant anti-correlation 
and -1.000 is perfect anti-correlation (where one IRD lithotype never occurs with 
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another). Table 4b contains the factor results for all the samples in Stages 5 and 6. 
The first column lists the factor. The second column in Table 4b lists the variance 
(e.g. 45.6 for the first factor); in this case factors 1 and 2 account for 83.8% of the 
IRD lithotypes while factors 4-6 are insignificant. Finally, the last column in Table 
4b lists the associations (the principal components) that make up the factors. 
Factor 1 consists of biogenic matter while quartz makes up factor 2. A factor can 
also consist of several IRD lithotypes. 
TABLE 4: An example of factor analysis results: comm. = communality, 
columns 1-6 are factors 1-6, values are expressed as factor loadings 
(see Appendix A for IRD lithotype names) 
TABLE 4a 
depth (cm) 6 
345 0.99'2 0.166 0.931 0.305 0.035 -0.028 0.045 
300 0.998 0.124 0.982 -0.099 -0.073 -0.025 0.057 
355 0.996 0.191 0.971 -0.075 -0.105 -0.034 O.Ql l 
~ 0.998 0.285 0.936 0.149 -0.127 0.035 -0.038 
365 1.000 0.993 a.cm -0.050 -0.030 -0.031 -0.044 
370 0.999 0.927 0.361 0.089 a.cm -0.029 0.033 
375 0.996 0.632 0.573 O.&Y2 -0.102 O.CJJ7 -0.078 
300 0.998 0.796 0.574 0.167 -0.056 -0.049 -0.047 
38.5 0.999 O.<;m 0.427 0.063 -0.011 -0.050 -0.014 
~ 0.998 0.768 0.625 0.114 -0.060 0.039 O.CXJ) 
TABLE 4b 
factor variance association 
l 45.6 blogenlc 
2 382 quartz 
3 14.6 dark siltstone 
4 0,7 light siltstone 
5 0.3 light crystalline rock 
6 0.3 quartzite 
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2.2 Analysis of occurrences of sediment pellets 
The degree of the occurrence of sediment pellets (see GOLDSCHMIDT et al. 1992 
and section 1.4.5) was investigated using the visual analysis of radiographs, 
which were taken continuously throughout the length of the core (see Fig. 4). 
The number of sediment pellets per vertical 1 cm and 14 cm width (the width of 
the radiograph) were counted where samples had been taken. Sediment pellets 
which only partially fell within these boundaries were also counted; since 
sediment pellets averaged <1 cm in diameter and the sampling interval averaged 
around 5 cm, there was no danger of counting a sediment pellet twice in 
neighbouring sample depths. The data were recalculated to obtain number of 
sediment pellets per cubic centimetre. The results were compared to the 
lithologic analyses to further refine episodes of iceberg rafting in the Norwegian-
Greenland Sea. 
2.3 Mapping 
Maps of the spatial distribution of the accumulation rates of coarse terrigenous 
sediment were made for all 22 isotopic events (characteristic maxima and 
minima in oxygen isotope records; see IMBRIE et al. 1984; MARTINSON et al. 1987) 
between 7.1 (193 ka) and 2.0 (13.6 ka}, with an additional map for the last 5000 
years. Raw accumulation rate (AR) data for the >63 µm terrigenous fraction were 
collected from RAMM (1986), GEHRING (1989). JONGER (1990. 1993), BIRGISDOTTIR (1991), 
HAMICH (1991), LACKSCHEWITZ (1991), SCHACHT (1991), S6DING (1991) and HENRICH 
( 1992). The AR data for each core were grouped into the time intervals shown in 
Table 5; an average AR was calculated by summing the individual AR values and 
dividing by the number of samples in a time interval. This average value was 
then plotted for the event. Contours were drawn by eye between data points; 
because the deposition of sediments by melting ice is not a linear process (i.e. does 
not increase or decrease regularly over time or space), using a contouring 
program would not have increased the accuracy of the contour line location. The 
time intervals are the event± 5000 years except for more closely-spaced events; in 
these cases the middle point between 2 events was taken. For example, in the case 
of Events 6.0 (128 ka) and 5.5.3 (125 ka), ages 2::126.5 ka were allowed for the 6.0 
map while ages <126.5 ka were taken for the 5.5.3 map. The absence of a particular 
core in a particular time interval is caused by the absence of sediments of this age 
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in this core; this is caused by nonsampling, nondeposition or later erosion (see 
HAY tn prep.). The maps provide a history of iceberg rafting and deposition of 
sediment in the Norwegian-Greenland Sea as well as a palaeoclimatic history of 
the area. 
TABLE 5: Time intervals used in mapping; ages of stage boundaries and 
events from MARTINSON et al. 1987 
Event/ Age Mapping Interval 
Stage Boundary (ka) (ka) 
(present) 2.50 5.00-0.00 
1/2 13.60 14.2&-12.95 
2.2 14.<;U 19.4&-14.25 
2/3 24.00 25.50-19.45 
3.1 27.00 32.00-25.50 
3.3 55.45 57.22-50.45 
3/4 fR.00 62.11-57.22 
4.2 65.22 68.11-<>2. l l 
4/5 71.00 75.12-<>8. l l 
5.1 79.25 84.2&-75.12 
5.2 <;Xl.52 95.52-85.52 
5.3 103.54 107.17-98.54 
5.4 110.79 115.79-107.17 
5.5.1 122.37 123.69-117.38 
5.5.3 125.00 126.50-123.69 
5/6 128.CO l 31.5&-126.50 
6.2 135.10 138.22-131.55 
6.3 141.33 146.33-138.22 
6.4 157.10 162.10-152.10 
6.5 171.37 176.37-166.37 
6.6 183.30 184.60-178.37 
6/7 186.CO 189.54-184.60 
7.1 193.07 196.82-189.54 
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2.4 Presentation of the data 
The graphs of the factor analysis graphs require some explanation. Simple line 
graphs of the factor loadings (> 0.700) vs. age resulted in a graph showing up to 6 
different lines crossing each other repeatedly; even with dashed and dotted lines 
of different thicknesses, it was nearly impossible to distinguish the paths of all of 
the lines in a graph (Figure Sa & b). Thus the portion of the lines that exceed a 
factor loading of 0.700 were covered with boxes of different patterns, resulting in 
an understandable presentation of the data (Figure Sc). The boxes represent the 
factor loadings of one of six IRD lithotypes calculated by the factor analysis 
program (see previous section). The boxes delineate where the factor loadings of a 
particular facies has a value between 0.700 and 1.000 inclusive (the realm of 
statistical significance) but do not show the actual values; these values can be 
found in Appendix C. 
The occurrence of sediment pellets was plotted as the number of sediment 
pellets per 1 cm3 as determined from visual analysis of the radiographs (see 
Section 2.2). 
The spatial and temporal distribution of the accumulation rates of the coarse 
terrigenous fraction was plotted onto 23 maps. The accumulation rates are plotted 
in 4 ranges: <200, 200-400, 400-600 and >600 mg/cm2·1000 years. 
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Figure 5: Process of presentation of results of factor analysis. Pure graphing results in the incomprehensible presentation in a. Restricting the 
results to factor loadings >0.700 results in the presentation in b; this is better than a but still difficult to understand. Covering the portion of the 

















3. Stratigraphic methods 
Oxygen and carbon isotope (c)lSQ and c)13C) measurements were performed on 
the 125-250 µm fraction of the planktic foraminifera Neogloboquadrina 
pachyderma sin. Analyses were done using the Finnigan MAT 251 mass 
spectrometer at the C-14 Laboratory at the University of Kiel. A few drops of pure 
orthophosphoric acid were added to the foraminifera samples under vacuum at 
73°C. Calibration to the PDB scale is based on the NBS 20 calcite standard. Isotopic 
Events and Stage boundaries were located using data of IMBRIE et al. (1984) and 
MARTINSON et al. (1987); these are shown in Table 6 and Fig. 6. Cores without 
isotopic data were dated by comparing characteristic maxima and minima in 
carbonate content to the carbonate curves of cores with isotopic datings. 
Chronologies from isotopic and carbonate dating were taken from SODING 1991 
(core 17728), HAMICH 1991 (21906), VOGELSANG 1990 (23059, 23062, 23065 & 23071) and 
HENRICH 1992 (23342 & 23357); these studies discuss the implications of the derived 
dates. Chronologies for cores 23454 and 23456 were derived from carbonate 
comparison in this study. 
At the time of writing a debate concerning the placement of the boundary 
between Stages 6 and 5 (the time of the penultimate deglaciation) was in full 
swing. Established marine investigations place the boundary at 128 ka (e.g. HAYS et 
al. 1976; IMBRIE 1992) while recent land-based studies place the boundary at 145 ka 
(WINOGRAD et al. 1992: DANSGAARD et al. 1993). This question has not yet been solved 
(BROECKER 1992b: w. BROECKER, pers. comm .. 1993: I. WINOGRAD. pers. comm .. 1993. 1994). 
Because the 128 ka boundary is "safer", it is used in this study. 
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Table 6: Depths (cm) of isotopic Events in investigated cores 
(event ages from MARTINSON et al. 1987) 
jAge (ka)! j 23342 11 23357 l l 23059 11 23062 I I 23065 l l 23071 l l 21906 11 17728 11 23456 11 23454 l 
13.6 40 48 41 92 24 85 55 
14.9 so 57 45 103 130 85 
24.0 105 40 145 
27.0 108 85 80 80 68 105 
55.45 180 125 159 477 90 
59.0 185 130 
65.22 210 135 162 490 100 350 
71.0 140 110 360 315 
79.25 231 174 190 546 176 120 325 
90.525 195 554 335 
103.545 200 586 345 
110.79 220 612 200 135 365 
122.375 290 175 235 650 400 375 
125.0 315 185 244 670 160 395 
128.0 190 273 165 445 405 
135.1 201 238 320 710 260 










21906 a1so 17728 
0 
5.0 4.5 4.0 3.5 3.0 25 2.0 5.0 4.5 4.0 3.5 3,0 2.5 2.0 












23342 23065 23071 






O 5.0 4.5 4.0 3.5 3.0 25 2.0 5.0 .. .; ... o 3.5 3.0 2.5 2.0 5.0 4.5 ~.O 3.5 3.0 25 2.0 
10 --------------· ---- ---





















This chapter presents the results gained from the investigations of sediment 
lithotypes, sediment pellet occurrence and accumulation rates of the coarse 
terrigenous fraction. Section 5 is then concerned with the implications of this 
study and how well these results fit into other inferences of the 
palaeoceanography of the Norwegian-Greenland Sea during the last 200,000 years. 
4.1 Composition of the investigated sediments 
This section presents the results of the lithologic analysis, with emphasis on 
the factor analysis results. The results are placed within the framework of the 
events of IMBRIE et al. (1984) and MARTINSON et al. (1987). Palaeoceanographic 
interpretations of these results are found in Section 5. 
Figures 7-8 show the occurrence of the IRD lithotypes determined to be 
significant by factor analysis. There are 3 main IRD lithotypes; these consist of: 
* the quartz fades (QZF), where quartz is the dominant IRD lithotype; 
$ the dark siltstone fades (DSF), where dark siltstone is the dominant IRD 
lithotype; and 
* the biogenic material fades (BMF), where biogenic material is the dominant 
lithotype. 
Factor analysis was run on the following fractions: 125-500 µm, >500 µm, > 125 
µm, and >125 µm with biogenic material. The ">125 µm including biogenic 
material" fraction shows the greatest correlation between cores and to the fades 
of HENRICH (1992); thus only the ">125 µm including biogenic material" results are 
discussed in detail in the following sections. Results of the mapping of IRD 
accumulation rates (section 4.3) show that the presence of the BMF generally ties 
in with low IRD accumulation rates. A transition to the BMF from another 
lithotype would therefore indicate a decrease in the deposition of terrestrial IRD 
while a transition from the BMF to another lithotype would indicate an increase 
in the deposition of terrestrial IRD. 
Figure 7 (following page): Results of the factor analysis of the >125 µm fraction 
including biogenic matter for the northern transect. Cores are displayed west to 
east. Blank areas occur where factor analysis showed statistically insignificant 
results. 
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Figure 8 (previous page): Results of the factor analysis of the >125 µm fraction 
including biogenic matter for the southern transect. Cores are displayed west to 
east. Blank areas occur where factor analysis showed statistically insignificant 
results. 
4.1.1. Oxygen Isotope Stage 6 
Northern transect 
The advent of Stage 6 can be seen as a dark siltstone fades (DSF) IRD lithotype 
in the central cores (Fig. 7). An occurrence of the biogenic material fades (BMF) 
appears in the westernmost core (21906); it is possible that the amount of 
terrestrial material is low enough in this core that biogenic material dominates 
during this period and, indeed, through nearly the entire core. At around 177-168 
ka an influx of the quartz fades (QZF), interrupted briefly by a DSF, appears in all 
cores except 21906. Between 168 and 135 ka, cores 23454 and 17728 are dominated 
by alternating appearances of the QZF and the DSF while cores 23456 and 21906 
apparently have too little terrestrial material and are thus dominated by the BMF. 
Toward the end of Stage 6 QZF deposition becomes predominant in all cores. 
Southern transect 
While the BMF predominates in all cores for Event 7.0, greater amounts of 
terrigenous material begin to be deposited by 180 ka (178 ka in core 23342; Fig. 8). 
The QZF is deposited in all cores except 23062 (DSF) until about 173 ka. For the 
next 8 ky little terrigenous material is deposited except in core 23059 (QZF). The 
supply of terrigenous material gradually increases from east to west starting 
around 155 ka, so that the QZF is deposited in every core except the westernmost 
23342 between 148 and 138 ka, including Event 6.3. Toward the end of Stage 6 the 
QZF was deposited in most cores while the DSF was deposited in core 23062. 
4.1.2. Oxygen Isotope Stage 5 
Northern transect 
There is a relatively poor correlation between cores for Stage 5. The reason can 
be seen in Fig. 7. The first and third cores from the west have little terrigenous 
material and are thus dominated by the biogenic matter fades (BMF) while the 
second and fourth cores have more terrigenous sediment which overwhelms the 
biogenic matter deposits. 
The QZF that began to be deposited toward the end of Stage 6 peters out during 
Event 5.5.3. After this time the Stage 5 sediments of cores 21906 and 23456 are 
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dominated solely by the BMF. The intervening core (17728) is dominated by the 
DSF while the easternmost core (23454) demonstrates interlayering of the QZF 
and the DSF. 
Southern transect 
It can be seen that the entire transect is dominated by the BMF for almost the 
entire Stage 5 (Fig. 8). The DSF does not appear at all here and the QZF appears at 
99-94 ka in 23342. The near total dominance of biogenic matter in the southern 
Norwegian-Greenland Sea demonstrates that ice-rafting was much less prevalent 
here than in the northern transect. 
4.1.3. Oxygen Isotope Stage 2 
Northern transect 
It can be seen that the Stage 2 glaciation was much weaker than the previous 
one (Stage 6). The BMF is dominant in all but the westernmost core for most of 
Stage 2 (Fig. 7). Core 21906 consists of the DSF for the first half of this stage; a 
switch to the QZF occurs at about 18 ka. This QZF then becomes the dominant 
fades throughout the transect during the Stage 2/Stage 1 transition. 
Southern transect 
Stage 2 is similar to Stage 6 in regard to the terrigenous and biogenic fades 
deposited in the southern transect: the QZF dominates, there is interspersed 
BMF, and the DSF is absent (Fig. 8). A QZF covers the entire transect during the 
transition between Stages 3 and 2. A BMF is found at about 21.5-19 ka on both 
ends of the transect but not in the intervening cores. The QZF then covers most 
of the transect again between 18.5 and 13 ka; a small layer of BMF appears in core 
23065 at ea. 17 ka. 
4.1.4. Oxygen Isotope Stage 1 
Northern transect 
At the beginning of Stage 1 QZF deposition occurs primarily in the west while 
DSF sediments are deposited primarily in the east (Fig. 7). The BMF appears 
asynchronously at ea. 11 ka in the west and ea. 6 ka in the east. The surficial 
sediments are made up·of the BMF in every core. 
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Southern transect 
QZF deposition is dominant in every core at the beginning of Stage 1 (Fig. 8). 
As is the case in the northern transect, the BMF appears asynchronously in the 
southern transect: the first appearance is at ea. 13 ka in cores 23059 and 23065, then 
at ea. 11 ka in cores 23342 and 23062 (the same time as in the western cores of the 
northern transect), with a final appearance at 9.5 ka in cores 23357 and 23071. 
4.2 Sediment pellet occurrence 
The number of sediment pellets (SP) correlates well with the overall climate 
record for the northern transect, with more sediment pellets being deposited 
during glacial and deglacial times than in interglacial eras. Additionally, peaks in 
sediment pellet occurrence tie in well with peaks in quartz and/ or dark siltstone 
deposition. This is illustrated in Figure 9. 
Most cores in the northern transect show appreciable numbers of sediment 
pellets in Stage 6. The quantity of sediment pellets generally decreases in Stage 5. 
Curiously, very few sediment pellets were deposited in the northeasternmost 
core 23454 since 170 ka. Peaks in SP deposition also occur during the last 
deglaciation; the overall number deposited in Stages 2 and 1 is significantly less 
than that for Stages 6 and 5. 
The difference between deposition in glacial Stage 6 and interglacial Stage 5 is 
not as noticeable for the southern transect as well as for the northern cores. The 
warm Events 5.5.3 and 5.5.1 correlate well with SP peaks. Differences between the 
last and penultimate glacial/interglacial cycles are also not as noticeable for the 
southern transect as for the northern. The easternmost core 23071 shows 
generally greater SP deposition for Stages 2 and 1 than for Stages 6 and 5. On the 
other side of the Norwegian-Greenland Sea, core 23342 demonstrates constantly 
low SP deposition for both time frames. 
Figure 9 (following 5 pages): Comparison of Henrich lithofacies (first column), 
peaks in sediment pellet occurrence (between first and second columns), makeup 
of the sediment according to the grain percentages of quartz, dark siltstone and 
biogenic material (second column) and IRD lithotypes determined through factor 
analysis (third column) for all cores. Bars between second and third columns 
mark the occurrence of chalk, which often makes up <1 % of a sample. 
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4.3 Maps of the accumulation rates of the coarse terrigenous fraction 
4.3.1. Accumulation rates in the Norwegian-Greenland Sea: An overview 
The accumulation rates of the coarse (>63 µm) terrigenous fraction over the 
last 200 ky are plotted in Fig. 11; locations of the cores are shown in Fig. 10. Notice 
that several cores have been added for mapping purposes to those used in the 
sedimentological analyses; raw data for these maps were culled from the 
investigations listed in section 2.3. In addition, Stages 3 and 4, which were not 
sampled for the sedimentological data (sections 4.1 and 4.2), are presented in the 
accumulation rate data in order to provide a complete history of IRD rafting in 
the Norwegian-Greenland Sea. 
Towards the end of Stage 7 (Event 7.1 = 193 ka) very little coarse terrigenous 
material (CTM) was deposited in the Norwegian-Greenland Sea. Nearly all of the 
cores that penetrate this far show accumulation rates (AR) <200 mg/ cm2 I ky. 
Somewhat higher rates can be seen where Arctic Water from the Arctic Ocean 
encounters warmer water south of the Fram Strait and where ice from the cold 
East Greenland Current encounters warmer Atlantic Water northeast of Iceland. 
At the beginning of Stage 6 (Events 7.0 and 6.6 = 186 and 183 ka) significantly 
greater amounts of CTM were deposited throughout the study area. Areas where 
intensive ice melting occurred include the southern Fram Strait and the area 
between Jan Mayen and Norway, indicating rapid calving of sediment-laden 
icebergs from the Scandinavian and the Barents Sea Ice Sheets. These iceberg 
melting areas must have been at least seasonally ice-free. This melting pattern 
continued through Events 6.5 and 6.4 (171 and 157 ka), although strong iceberg 
melting off the Norwegian coast was not as widespread as before, indicating a 
decrease in the supply of icebergs and a stabilisation of ice sheet margins. 
Strong iceberg melting again occurred in this region during Event 6.3 (141 ka): 
icebergs melted in significant quantities between Jan Mayen and Norway and in 
the southern Fram Strait. Icebergs probably came from both the Barents Sea and 
the Scandinavian Ice Sheets A wider area of melting occurred than in the 
previous era. A small area of moderate melting north of Iceland may show 
melting of icebergs in the East Iceland Current. Iceberg melting decreased 
somewhat during the colder Event 6.2 (135 ka), but was still significant. 
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Figure 10: Location map of cores used for the investigation of accumulation rates 
of coarse terrigenous matter. Core parameters listed in Table 3. 
Figure 11 (following 6 pages): Maps of the accumulation rates of coarse 
terrigenous matter for Events 7.1-2.0 plus present. Open circles define cores used. 
Isolines are solid where they are well-defined, dashed where uncertain. See text 
for details. a) Event 7.1; b) Event 7.0; c) Event 6.6; d) Event 6.5; e) Event 6.4; f) 
Event 6.3; g) Event 6.2; h) Event 6.0; i) Event 5.5.3; j) Event 5.5.1; k) Event 5.4; l) 
Event 5.3; m) Event s:2; n) Event 5.1; o) Event 5.0; p) Event 4.2; q) Event 4.0; r) 
Event 3.3; s) Event 3.1; t) Event 3.0; u) Event 2.2; v) Event 2.0; w) Present. 
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During the penultimate deglaciation (Events 6.0 and 5.5.3 = 128 and 125 ka) 
great quantities of CTM were released by melting ice south of the Fram Strait; this 
sediment was deposited either by counterclockwise-flowing currents from the 
Arctic Ocean and the Spitsbergen area or by clockwise-flowing currents from 
Norway. The contours apparently show that most sediment-carrying bergs 
melted in the eastern half of the NGS, implying a southeastem source for the ice 
(see Section 5.4). The time of Event 5.5.1 (122 ka) is the peak of the last interglacial 
period (the Eemian; MANGERUD et al. 1979; MANGERUD 1989). The AR map for this 
period shows that the number of icebergs had greatly decreased in the NGS by 
this time; only a few in the southern Fram Strait led to extensive deposition. The 
source of the 200-399 mg/ cm2 /ky deposits in the central NGS could have been in 
the east or the west. 
A succession of cold and warm phases (Events 5.4-5.2 = 111-90 ka) did not have 
much affect on the accumulation rates of coarse terrigenous matter in the 
Norwegian-Greenland Sea; glaciers apparently did not reach the sea during this 
time. During Events 5.1 and 5.0 (79-71 ka), however, significant melting of 
icebergs took place in the V0ring Plateau area off Norway. This indicates an 
unstable ice margin of the Scandinavian Ice Sheet. Accumulation rates in the 
southern NGS remained high until the advent of the present interglacial, 
indicating a good supply of icebergs and of periodic warm water influxes. The 
ARs in the northern NGS (southern Fram Strait) were also high during Event 4.2 
(65 ka), but dropped thereafter until Event 2.2 (14.9 ka). This indicates that iceberg 
production from the Barents Sea and Spitsbergen Ice Sheets was low due to either 
stable ice margins or to the absence of tidewater glaciers in this area in the 50 ky 
between Events 4.2 and 2.2; more cores closer to the Barents Sea shelf are needed 
to clarify the picture. 
Significant iceberg melting took place, however, in the southern NGS during 
this time. High accumulation rates are seen in the western NGS for the last 55 ky 
(since Event 3.3), indicating instability of the Greenland Ice Sheet or of ice sheets 
further north, where ice was transported southward by the East Greenland 
Current. High AR values also occur in the eastern NGS for this time period, 
except for a short low AR period during Event 3.1 (27 ka). Accumulation rates 
skyrocket once more during the last deglaciation (Events 2.2-2.0, 14.9-13.6 ka), 
indicating extremely unstable ice sheet margins. ARs for the last 5000 years have 
been relatively low; a zone of higher values lies under the Jan Mayen Current. 
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4.3.2. Histories of accumulation rates in relation to location 
When the cores that were used for plotting the accumulation rates are 
separated into 3 groups, i.e. an eastern group of cores off Norway, a western group 
covering the remaining southern NGS and a northern group in the southern 
Fram Strait (see Table 7), an interesting picture of the melting history of ice in the 
NGS emerges (Fig. 12). Accumulation rates (averaged over the five cores) in the 
eastern NGS are low at the end of Stage 7 and rapidly rise to their greatest peak of 
the last 200 ky during Event 6.6 (183 ka). This may mark the rapid waxing and 
waning of the Scandinavian Ice Sheet. The AR then decreases to a "glacial 
background" level of ea. 600 mg/cm2/ky between Events 6.4 and 5.5.1 (157-122 ka). 
They subsequently decrease to an "interglacial background" level of ea. 100 
mg/ cm2 /ky until Event 5.2 (90 ka). They thereupon rise slowly, increasing 
slightly at the beginning of Stage 4 (71 ka) and peaking at Event 3.3 (55 ka). A 
sharp decrease follows to Event 3.1 (27 ka), succeeded by an even sharper increase 
during the last deglaciation. Background levels for Stages 4-2 are ea. 200 
mg/ cm2/ky, significantly less than those during Stage 6. AR values are 
approximately equal for the last two deglaciations. 
TABLE 7: Core groups used In Fig. 12 




















Accumulation rates of >300 mg/cm2/ky in the eastern NGS for Stage 6 were 
measured for the >500 µm fraction by BISCHOF (1991), indicating that half of the 
>63 µm accumulation rate value mentioned in the previous paragraph is 
accounted for by this coarser fraction. Similar measurements of the >500 µm AR 
reveal values of: 
* a maximum of 50 mg/ cm2 /ky in Stage 5 (112 of the >63 µm fraction AR), 
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Figure 12: Histories of accumulation rates of coarse terrigenous matter for Events 7.1-2.0 plus Recent in the eastern, western 
and northern Norwegian-Greenland Sea. Dark lines indicate approximate levels of background sedimentation discussed in text. 
Results 
* ea. 110 mg/ cm2 /ky in Stage 4 (1/4_113 of the >63 µm fraction AR), 
* a maximum of 450 mg/ cm2 /ky close to the Norwegian continental shelf in 
Stage 3 (greater than the >63 µm fraction AR; this is accounted for since the 
maximum values of BISCHOF [1991] are located further landward than the cores 
examined in the present study), 
* a maximum of 370 mg/cm2/ky on the central V0ring Plateau in Stage 2 (213 of 
the >63 µm fraction AR) and 
* a maximum of 200 mg/cm2/ky in the eastern NGS during the transition 
between Stages 2 and 1 (1 I 3 of the >63 µm fraction AR). 
The iceberg melting history of the western NGS is significantly different from 
that of the eastern NGS. The overall shape of the two curves is similar (high 
values in Stages 6, 4, 3 and 2, low values in Stage 5), but the western cores are 
influenced more by the last glacial/ interglacial cycle than by the penultimate 
cycle. Although a trough at Event 6.4 · (157 ka) and peaks at Events 6.6, 6.2 and 6.0 
(183, 135 and 128 ka) occur as in the eastern NGS, the western values are less than 
half of the eastern ones and show no dramatic spikes as do the eastern 
accumulation rates. "Glacial background" levels of ea. 200 mg/ cm2 /ky are 1 / 3 of 
those for Stage 6 in the eastern NGS. A drop in AR values to an "interglacial 
background" level of ea. 100 mg/ cm2 /ky takes place in Stage 5; an increase is seen 
toward the end of Stage 5 (as in the eastern NGS), but here the resemblance ends. 
Whereas AR values in the eastern NGS drop in Stage 3 and rise again in Stage 2, 
the values in the western NGS rise constantly throughout Stages 4 and 3 and 
spike during the last deglaciation (Events 2.2 and 2.0 = 14.9 and 13.6 ka). This 
Stage 2 peak is the highest AR of all in this region, indicating that the last 
deglaciation had more of an effect in the western NGS than in the east, where 
ARs peak in Stage 6. The AR then drops to a relatively low "modern" level; still, 
this level is approximately equal to those of the glacial Stage 6 and is the highest 
of all modern levels. Sporadic iceberg drift in the East Greenland Current would 
account for this. Background levels for Stages 4-2 are ea. 200 mg/ cm2 I ky; 
although this value is approximately equal to that of Stage 6, accumulation rates 
are higher than background levels for more of the time in Stages 4-2 than in 
Stage 6. 
The accumulation rates in the northern. NGS (southern Fram Strait) show 
values that are generally similar to certain portions of both the western and the 
eastern NGS. Stage 6 in the north is akin in shape and absolute values to that of 
the western NGS; "glacial background" levels of ea. 200 mg/ cm2 /ky are similar to 
those in the west. The notable exception is the penultimate deglaciation, where a 
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huge peak points to large numbers of melting icebergs and possibly to the 
intrusion of relatively warm water. This may indicate the disintegration of the 
Barents Sea Ice Sheet. Stage 5, with its low AR values ("interglacial background" 
level of ea. 100 mg/ cm2 /ky) and a slow rise toward its end, is similar to both the 
western and eastern NGS. The remaining 4 stages show a shape (somewhat lower 
values with background levels of ea. 200 mg/ cm2 /ky) similar to those of the 
eastern NGS, including a drop in values at Event 3.1 (27 ka). 
In summary, the accumulation rates of the terrigenous coarse fraction (and, 
consequently, the quantity of melting icebergs) show distinctly different histories 
in the eastern, western and northern Norwegian-Greenland Sea for the last 
200,000 years. All areas show a rise in AR values in the transition from 
interglacial Stage 7 to glacial Stage 6. While the values in Stage 6 remain 
relatively constant in the western and northern NGS, a large peak during Event 
6.6 (183 ka) shows extremely high accumulation rates in the eastern NGS at the 
beginning of Stage 6. Afterward, AR values decrease to nearly stable rates for the 
rest of Stage 6. A major deglaciation peak occurs only in the northern NGS. AR 
values remain low in all areas of the NGS until Event 5.2 (90 ka), where a rise 
starts and continues through Stage 3. Toward the end of Stage 3, ARs drop in the 
eastern and northern NGS and rise again during the last deglaciation. On the 
other hand, AR values in the western NGS continue to climb until the last 
deglaciation, where they peak abruptly. The accumulation rates in the northern 
NGS are highest during the penultimate deglaciation, those in the western NGS 
are dominated by the last deglaciation, while AR values in the eastern NGS are 
similar for both deglaciations. 
Also noteworthy are the differences in background levels of sediment 
deposition in time and space. Glacial Stage 6 background levels are ea. 200 
mg/cm2/ky in the western and northern NGS but three times this in the eastern 
sector. Interglacial Stage 5 levels are all approximately equal at ea. 100 mg/cm2/ky. 
Values for the background level accumulation rates for Stages 4-2 are also 
approximately equal at ea. 200 mg/cm2/ky. Thus it can be seen that 
* background iceberg melting in Stage 6 was greater than in Stage 5 by a factor of 
2-6; 
* background iceberg melting in Stage 6 was greater than in Stages 4-2 by a factor 
of 1-3; and 
* in Stage 6, background iceberg melting in the eastern sector (off Norway) was 
greater than in the other sectors of the NGS by a factor of 3. 
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This implies that the Stage 6 glaciation was stronger than that of Stages 4-2 and 
that a greater number of sediment-containing icebergs melted in the eastern NGS 
than elsewhere in the NGS. The phrase "sediment-containing icebergs melted" 
can imply three possibilities: 
* a greater number of icebergs existed in the eastern NGS; 
* the melting rate was greater in the east than elsewhere; or 
* the icebergs in the eastern NGS were "dirtier" (contained more sediment) 
than those elsewhere. 
TMI ICl·rooT, 
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5. Discussion 
5.1 Comparison of the IRD lithotype with the Henrich lithofacies 
In an attempt to classify the sediments that occur in the Norwegian-Greenland 
Sea according to several parameters, HENRICH (1992) presented a scheme based 
mostly on carbonate content and grain size, terrestrial IRD content and grain size 
and the presence of plank.tic and benthic foraminifera as well as structures such 
as dropstones and bioturbation. In this classification are 8 facies which point to 
differing sedimentation environments and the influence of various surface 
water masses. The facies are summarised in Table 8 (after HENRICH 1992 and 
HENRICH et aL subm.) 
Figure 9 compares the results of the present investigation of sediment 
lithotypes to the lithofacies of HENRICH (1992). Shown are (1) the Henrich 
lithofacies, (2) peaks in sediment pellet occurrence, (3) the makeup of the IRD 
according to the grain percentages of quartz, dark siltstone and biogenic material 
(the three lithologies which primarily determine the IRD lithotypes) and (4) the 
IRD lithotypes determined through factor analysis. 
Table 9 presents the sample depths (in cm) of the lithofacies in core 23071 
determined by HENRICH (1992). Also shown are the factor loadings determined by 
factor analysis for the quartz (QZF), dark siltstone (DSF) and biogenic matter facies 
(BMF) . As can be seen in this example, the lithofacies A and B3 are clearly 
dominated by the BMF. Lithofacies Bl/B2 is also BMF-dominated, but the QZF is 
distinctly greater. The QZF rises to dominance in the C facies and is clearly 
dominant in the diamict facies D, E and F. This information is simplified for all 
cores in Tables 10-13. Correlations between the lithofacies and the IRD lithotypes 
are discussed below. 
5.1.1 Oxygen Isotope Stage 6 
The A and B3 facies correlate well with the biogenic matter facies (BMF; Table 
10). The B2/ Bl facies is usually made up of the QZF and BMF facies. The BMF 
tends to predominate on the western side of the basin (cores 23342, 23357 and 
21906) and in core 23456, indicating reduced terrigenous matter in these cores. In 
the C facies the DSF is predominant only in core 23454, again possibly indicating a 
source area near the location of core 23454 for the DSF lithotype. The diamicts D, 
E and Fare dominated by the QZF with subsidiary DSF and BMF. 
























































Table 8: Definition of Deep-Sea Lithofacies I 
Facies B3 Facies B2 Facies Bl Facies C Facies D,E,F 
brownish brownish foraminiferal grayish foraminiferal dark diamictons: 
brownish foram foraminiferal silty silty to sandy silty to sandy D=dark gray, E=dark 
mud terrigenous mud terrigenous mud terrigenous mud olive gray, F=complex 
high abundance low abundance of 
low abundance of few burrows.scattered no burrows, abundant 
and diversity of scattered dropstones burrows, dropstones, 
dropstones, dropstones, common 
burrows occasional sed. ""'llets occasional sed. nellets sediment nellets 
15-30 3-10 1-10 3- 10 0-0.5 
10-25 3-10 1-10 2-8 0-0.5 19. 
3-15 0-3 1-4 1-4 0-0.5 
2-5 0-1 0, trace 0, trace 0 
0.3-1 0.1-0.2 0.1-0.2 0.1-0.3 0 
~:0.5-0.8 ~ : 0.5-0.8 0.1-0.3 0.3-0.5 0,5-1.5 0.1-0.3 0.1-0.3 
3- 10 1-5 5-30 5-30 20-40 
60-85 85-95 60-85 60-85 60-80 
positive redox positive redox potential, positive redox, strong dissolution, 
potential, good at certain levels potential carbonate good carbonate 




marginal sector of Modern: Arctic Surface Modern: E. Greenland seasonally variable high instability of ice 
Atlantic Water Water Glacials: Current; Glacials: ice cover, common margins with 
seasonally variable ice seasonally variable ice icebergs, increased abundant icebergs 
cover with few icebergs cover, common icebergs input of fossil OM and meltwater plumes 
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Table 9: Example of comparison of IRD lithotypes vs. lithofacies 
Shown are the depths (in cm) of the occurrence of Henrich lithofacies (left column) vs. the 
factor loadings of the quartz (QZF), dark siltstone (DSF) and biogenic matter (BMF) facies. 
Highest factor loading is shown in bold print. 
23071 
A QZF DSF BMF 
520 .148 -.010 .986 
530 .349 .025 .934 
536 .184 .056 .981 
544 .037 .021 .997 
avg.= .180 .023 .974 
83 QZF DSF BMF 
596 .186 .106 .968 
620 .023 . 193 .976 
634 -. 134 -.034 .988 
644 -. 111 -.034 .991 
ovg.= -.009 .058 .981 
Bl / 82 QZF DSF BMF 
558 .380 .177 .904 
567 .462 . 126 .872 
575 .412 . l l 7 .900 
584 . 179 -.004 .974 
596 .186 .106 .968 
604 .301 .072 .937 
610 .390 .022 .912 
avg.= .330 .088 ,924 
c QZF DSF BMF 
55 .875 .276 .387 
63 .892 .266 .353 
70 .785 .389 .402 
80 .824 .354 .434 
89 .542 .791 .279 
94 .873 .274 .400 
l O l .675 .686 .259 
106 .894 .259 .363 
121 .875 .220 .428 
130 .815 .235 .428 
140 .707 .215 .672 
151 .799 .212 .553 
160 .366 .146 .918 
170 .339 .199 .917 
180 .733 .278 .609 
184 .824 .299 .478 
193 .498 .250 .824 
221 .755 .259 .594 
230 .406 . 134 .900 
avg.= .709 .302 .537 
DEF QZF DSF BMF 
l 13 .910 .234 .340 
210 .784 .262 .560 
748 .959 .227 . 167 
756 .948 .280 .144 
ovg.= .900 .251 .303 







TABLE 10: Facies vs. IRD lithotype, Stage 6 
(in order of predominance) 
FACIES 
A B3 B2/Bl c 
--- --- BMF, QZF ---
--- ---
BMF, QZF ---
--- BMF QZF, BMF ---
--- BMF QZF, BMF, QZF, DSF, 
DSF BMF I= l~~QZF:.~MF QZF, BMF QZF, DSF, 
BMF 
21<;0, --- BMF, QZF BMF, QZF ---
17728 --- --- --- QZF, DSF 













I 23454 11 --- 11 --- I QZF/DSF I DSF, QZF 11 QZF 
• For Tables 10-17: 
23342-23071 = southern transect, west to east; 
21906-23454 = northern transect, west to east; 
I 
-- means that this facies was not present in this core during this time interval 
5.1.2 Oxygen Isotope Stage 5 
A positive correlation of the two "warm water" fades A and B3 with the 
biogenic matter fades (BMF; Table 11) can be seen in Stage 5. The two northern 
cores 17728 and 23454 continue to show predominance of the DSF; this indicates 
both a greater supply of terrigenous material to these cores and a proximity to 
DSF source areas. Similarly, these two cores are the only ones in which the B2/Bl 
fades exhibit predominance by the DSF; the others are dominated by the QZF or 
the BMF. In addition, core 17728 is the only one containing the DSF in the C 
fades (core 23454 does not contain a C fades in this stage). The two brief diamicts 
in cores 23357 and 23342 are QZF-dominated. 













TABLE 11 : Facies vs. IRD lithotype, Stage 5 
(in order of predominance) 
FACIES 
A 83 82/81 c 
- BMF BMF, QZF -
BMF BMF QZF -
BMF BMF QZF -
BMF BMF BMF, QZF -
BMF BMF BMF, QZF -
BMF BMF BMF QZF 
- BMF BMF, QZF -
DSF DSF DSF, QZF QZF, DSF 
- BMF BMF BMF, QZF 
- DSF, QZF DSF, QZF -












The QZF dominates most of the facies in Stage 2; the occurrence of the DSF is 
greatly reduced compared to the Stage 6 glaciation. DSF is only prominent in the 
C fades in core 21906 (Table 12). The biogenic matter fades (BMF) can be seen in 
the B2/Bl and C fades in other cores; since Stage 2 is a glacial era, the presence of 
the BMF indicates that very low amounts of terrestrial material were deposited in 
these cores compared to the Stage 6 glaciation. 
5.1.4 Oxygen Isotope Stage 1 
The dark siltstone fades (DSF) continues to have few appearances in Stage l; its 
occurrence in Stages 2 and 1 is markedly reduced from those in Stages 6 and 5 
(Table 13). The DSF is found only in the northeast (cores 23454 and 23456), 
implying that the northern/northeastern source of the DSF is still active during 
Stage 1. The QZF predominates in the cool water fades C and B2/Bl, although the 
presence of the BMF shows that relatively little terrigenous matter was being 
deposited. As usual, the "warmer" facies A and B3 (affected by Atlantic waters) 
are dominated by the biogenic matter fades (BMF). 
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TABLE 12: Facies vs. IRD lithotype, Stage 2 
(in order of predominance) 
FACIES 
CORE B2/Bl c 0/E/F 
23342 QZF, BMF - -
23357 QZF - -
23059 QZF - -
23062 QZF (BMF' - -
23065 QZF, BMF - -
23071 - QZF. BMF QZF 
21906 - DSF. QZF -
17728 - BMF, QZF -
23456 BMF (QZF' - -
23454 - BMF, QZF -
TABLE 13: Facies vs. IRD lithotype, Stage l 
(in order of predominance) 
FACIES 
A B3 B2/Bl c 
- BMF QZF. BMF -
BMF BMF QZF -
BMF - QZF, BMF -
BMF BMF, QZF QZF -
BMF - BMF (QZF' -
BMF - - QZF, BMF 
- BMF QZF -
BMF BMF, QZF 
- BMF DSF (BMF, -
QZF) 
BMF 11 - I - BMF, DSF, 
QZF 
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5.1.5 Summary of correlation of IRD lithotype with Henrich lithofacies 
In general it can be seen that the dark siltstone fades (DSF) is much more 
predominant in Stages 6 and 5 (the penultimate glacial/interglacial cycle) than in 
Stages 2 and 1 (the last glacial/interglacial cycle). The core with the greatest 
occurrences of this fades is core 23454, which lies off the coast of Spitsbergen. This 
implies that either Spitsbergen and/ or the Barents Sea is the largest contributor of 
dark siltstones to the Norwegian-Greenland Sea. It is possible that a source on the 
continental shelf off Norway fuelled core 23071. 
Generally, lithofacies A and B3, which are considered to be "warm water" 
fades, are dominated by the biogenic matter fades (BMF). The DSF dominates in 
the lithofacies B2/ Bl and C. It does not figure strongly in the diamicts, which are 
usually dominated by the quartz fades (QZF). This is surprising, since the 
diamicts tend to be dark in colour (see Table 8), and it was assumed that this 
colouring comes from massive quantities of dark siltstones. Figure 13 shows that 
this does not appear to be the case. In this figure the grain percentages of dark 
siltstones, along with chalk and coal, are plotted against time and compared to 
the lithofacies of HENRICH (1992). It can be seen that there are peaks in dark 
siltstone deposition during the deposition of the diamicts. It can also be seen, 
however, that (1) peaks in dark siltstone deposition occur in other facies 
(sometimes these peaks are higher than the peaks in the diamicts, e.g. core 23071, 
diamict at 145 ka vs. dark siltstone peak at 140 ka) and (2) sometimes very few 
dark siltstones occur in the diamicts, e.g. core 23065, 148 ka. 
WAGNER (1993) found that the diamicts generally contain sediments with high 
total organic carbon {TOC) contents. While background TOC contents average 
about 0.20-0.30 weight percent (wt.%), diamicts have values of up to 1.04 wt.% 
and are usually above 0.30 wt.%. Results of the present study show that the same 
diamict samples determined by WAGNER (1993) to have high TOC values have 
quartz:dark siltstone grain percent ratios of up to 20:1, averaging about 8:1. 
Although not all diamicts have TOC peaks, those that don't do not have a lower 
quartz:dark siltstone ratio than those that do. The more coarse >500 µm fraction, 
however, has a quartz:dark siltstone grain percent ratio of up ea. 1:2. This means 
that the coarser fraction contains a much higher proportion of dark siltstones; 
these may be the ones that account for the TOC peaks in the studies of WAGNER 
(1993). It can therefore be seen that: 
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Figure 13 (previous page): Comparison of Henrich lithofacies (left), makeup of the 
sediment according to the grain percentages of dark siltstone, chalk and coal 
(middle) and IRD lithotypes determined through factor analysis (right) for cores 
23065 and 23071. 
* the diamicts generally have a higher dark siltstone content than the other 
facies; 
* but some diamicts have low dark siltstone contents; 
* while some non-diamict facies have high dark siltstone contents; 
* quartz dominates over dark siltstones in almost every diamict by a factor of 
about 8 to 1; 
* yet the dark siltstones and other TOC-rich rocks (e.g. coal) have enough TOC 
to create TOC peaks in the diamicts. 
Dark siltstones that were included during diamict deposition may thus be 
more TOC-rich than dark siltstones deposited at other times; this may mean that 
the dark siltstones in the sediment that makes up diamicts originates in a 
different (high-TOC) source region than the dark siltstones from other lithofacies. 
The relationship of the sediment lithology determined in this study with the 
lithofacies determined by HENRICH (1992) and with palaeoclimates can thus be 
summarised: 
* The dark siltstone facies (DSF) appears in both glacial and interglacial 
sediments from the Norwegian-Greenland Sea. 
* The DSF is more frequent during glacials than in interglacials and was also 
more frequent in the penultimate glacial/interglacial cycle as opposed to the last 
one. 
* During interglacials the DSF is most predominant in the northern transect. 
* This and the fact that surface DSF deposits appear in the northeasternmost 
Norwegian-Greenland Sea appears to implicate presently or recently glaciated 
circum-Arctic land masses such as Spitsbergen or the islands of northernmost 
Russia as sources for the DSF. 
* These land sources were supplemented by marine (continental shelf) sources 
during glacial times when glaciers advanced onto the continental shelves. The 
Barents Sea Shelf was probably another source for the DSF (see point above). 
* Since quartz is the end phase of the breakdown of many crystalline rocks (see 
HALDORSEN 1983), it would be foolish to attempt to find a source area for the quartz 
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facies (QZF) without detailed mineralogical/ geochemical analyses of the quartz 
grains. 
* The "warm water" lithofades A and B3 correlate with the biogenic matter 
facies (BMF). 
* The "cool water" facies B2/Bl correlate mostly with the DSF. 
* The diamict facies D, E and F usually correlate with the QZF, although there 
are some DSF diamicts. The DSF shows peaks in the diamicts but is still usually 
subordinate to quartz. The DSF lithotype in the diamicts may contain rocks with 
higher TOC values than those in other lithofacies 
* The lithofades defined by HENRICH (1992) show some correlation with the IRD 
lithotypes presented here, but the relationship is not one-to-one. Rather, the IRD 
lithotypes demonstrate that any particular fades can be divided into further 
subdivisions based on IRD lithotypes. To do this would further refine the ice-
rafting history of any particular core but differences in the details would result in 
a reduced capability to correlate between cores (see BISCHOF 1991). 
5.2 Comparison of sediment pellet occurrence with Henrich lithofacies 
Figure 9 compares the results of the present investigation of sediment pellet 
occurrence to the lithofacies of HENRICH (1992). Detailed results are discussed 
below. 
5.2.1 Oxygen Isotope Stage 6 
Sediment pellet occurrence in Stage 6 is generally highest in the fades B2 and 
Bl (Table 14). The high magnitudes of sediment pellets in fades B3 in core 21906 
and in facies A in core 23065 are unexpected, as these are regarded as generally 
warm water facies with little sea ice and iceberg cover. In addition, the large 
number of sediment pellets that were expected to be in the diamict facies D, E and 
F were not found; values here are similar to those of fades C, B2 and Bl. 
5.2.2 Oxygen Isotope Stage 5 
Values for SP occurrence in Stage 5 show a greater correlation to the lithofacies 
of HENRICH (1992) than do those of Stage 6 (Table 15). The fades B2 and Bl again 
show higher abundances than the other fades. An exception to this is fades C, 
which generally demonstrates somewhat higher sediment pellet numbers. The 
warm water fades B3 and A generally have low SP abundances. 
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TABLE 14: Facies vs. sediment pellet occurrence. Stage 6 
FACIES 
CORE A B3 B2/Bl c D/E/F 
23342 - - • - • 
23357 - - • - • 
23059 - - •• - -
23062 - • • • • 
23065 •• • • • • 
23071 - - - • • 
21906 - •• •• - -
17728 - - - • • 
23456 -- - •• - •• 
23454 - - • • • 
• < 1 sediment pellet per cubic cm 
• • 1-2 sediment pellets per cubic cm 
TABLE 15: Facies vs. sediment pellet occurrence. Stage 5 
FACIES 
CORE A B3 B2/B1 
23342 -- • 
23357 • • 
23059 • • 
23062 • • 
23065 • • 
23071 • • 
21906 - • 
17728 • • 
23456 - • 
23454 -- • 
• <1 sediment pellet per cubic cm 
• • 1-2 sediment pellets per cubic cm 
•• • >2 sediment pellets per cubic cm 


























TABLE 16: Facies vs. sediment pellet occurrence. Stage 2 
FACIES 






23071 --- .. 
21c;(l) --- • 
1ma --- • 
23456 .. ---
23454 --- • 
• <1 sediment pellet per cubic cm 












TABLE 17: Facies vs. sediment pellet occurrence. Stage 1 
CORE A B3 
23342 --- • 
22,357 • • 
221:S) • ---
23CXi2 • • 
23CX)S .. ---
23071 • ---
21c;(l) --- • 
1ma • ---
23456 --- • 
23454 --- ---
• <1 sediment pellet per cubic cm 




























5.2.3 Oxygen Isotope Stage 2 
In Stage 2 the fades C, B2 and Bl once again dominate in the abundance of 
sediment pellets (Table 16). The diamicts exhibit somewhat lower quantities. 
5.2.4 Oxygen Isotope Stage 1 
SP occurrence is greatly reduced in the interglacial Stage 1 as compared to the 
glacial Stage 2. High values occur only in the B2/Bl fades and in a thin diamict at 
the boundary between the stages in core 23071 (Table 17). The warm water fades 
B3 and A, as usual, contain few sediment pellets. 
5.2.5 Summary of correlation of sediment pellet occurrence with Henrich 
lithofacies 
Due to their frequent association with dropstones and other glacial 
sedimentary features, it was expected that sediment pellets would predominate in 
the diamict fades D, E and F. It was also expected that few sediment pellets would 
be found in the "warm water" fades B3 and A. This second assumption has 
proven to be generally correct. However, it comes as a surprise that the fades 
B2/Bl and C (signifying cold waters that were not as iceberg-laden as those 
represented by the diamicts) generally contain higher abundances of sediment 
pellets than do the diamicts. This may mean that the formation of sediment 
pellets on icebergs (or sea ice) is inhibited during times of diamict deposition, that 
sediment pellets are dumped in the shallow marine zone before the ice reached 
the deep sea, or that sediment pellets are somehow destroyed during sinking 
through the water column or after sedimentation in diamicts. However, since 
diamicts were deposited during rapid glacial retreat while the B2/1 and C fades 
can be deposited during glacier advance, it may be that the sediment that 
eventually forms sediment pellets is entrained on the continental shelf during 
glacier advance. By the time of glacier retreat, the glacier may have eroded most 
loose sediment from the shelf, making it (theoretically) difficult for sediments to 
be deposited within diamicts. The formation, entrainment into ice and the 
marine deposition of modern sediment pellets has not been studied a great deal 
(see GOLDSCHMIDT, subm.}; further research in this area is needed. 
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5.3 Accumulation rates and rnakeup of ice-rafted debris: correlation with the IRD 
lithotypes 
Since both the accumulation rates and the IRD lithotypes of coarse ice-rafted 
debris from the Norwegian-Greenland Sea are now known, it would be 
interesting to know if there is a relationship between the two; for instance, is the 
dark siltstone fades (DSF) associated with high accumulation rates? Or is this 
association affected by glacial/interglacial contrasts? 
During the transition from the interglacial Stage 7 to the glacial Stage 6 (Event 
7.0, 186 ka) accumulation rates (AR) were generally low throughout the NGS. 
The IRD lithotypes indicate that the dark siltstone fades (DSF) was deposited in 
the north at this time. The biogenic material fades (BMF) was deposited 
elsewhere. This may indicate that terrigenous matter (DSF) was deposited in 
significant quantities only in the northern NGS. 
The IRD lithotypes pattern in the southern transect remained the same during 
Event 6.6 3000 years later, but the QZF had replaced the DSF in the north. AR 
patterns were relatively constant in the southern transect but they decreased 
somewhat in the north. This makes it possible that ice corning through the Fram 
Strait was carrying QZF lithologies; some of this ice may have been transported 
into the central NGS. Meanwhile DSF-bearing ice with a possible source in 
western Norway fed core 23062 in the southern transect. 
For Events 6.5-6.2 (171-135 ka) there is some correlation between the areas of 
highest deposition and the IRD lithotypes. QZF is predominant in the high 
accumulation areas of the southern transect, especially off the Norwegian coast, 
while the DSF dominates the high AR sediments in the north. This is a further 
indication not only that the source for most of the DSF lithotype lay in the north, 
but also that DSF sources in the south (such as the Norwegian continental shelf) 
were not as strong as those in the north; these southern DSF sources could easily 
be overwhelmed by QZF sources. 
During the first 5000 years of Stage 5 (Events 6.0-5.5.1, 128-123 ka) there were 
several long-lasting high accumulation areas, notably off the coast of Norway and 
south of the Fram Strait. The highest AR locations were almost invariably 
associated with the QZF. Thus the QZF appears to be a "deglacial IRD lithotype". 
Supporting this is the fact that most of the diarnict lithofacies are QZF-
dorninated. During the rest of Stage 5 accumulation rates were very low and a 
pattern relating IRD lithotypes to the ARs cannot be distinguished. The BMF 
dominated most areas during this time; the DSF was restricted to the north. 
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By the time of Stage 2 the DSF has ceased to be a significant IRD lithotype 
during events except in the northwesternmost NGS (near Greenland); the QZF 
dominates the terrigenous matter of all other areas, especially in the southern 
transect. Thus a significant difference in the lithologies of the last two glacial eras 
is made apparent: the DSF dominated during Stage 6 while Stage 2 was 
determined by the QZF. In addition, the QZF is also a deglacial IRD lithotype, 
having been predominant during the Stage 6/5 transition. During this time the 
DSF was dominant only near its source areas. 
There is no particular fades associated with the highest accumulation rates in 
the NGS; this varies with location, although the QZF does dominate over the 
DSF during high-accumulation deglaciations. An overall relationship, however, 
does exist between the presence of the biogenic material fades (BMF) and low IRD 
accumulation rates. 
5.4. Accumulation rates of ice-rafted debris and glaciations: the land-sea link 
Fig. 12 showed the accumulation rate history for the eastern, western and 
northern Norwegian-Greenland Sea for the last 200,000 years. Differing glaciation 
histories for the three regions could be gleaned from these data (see section 4.3.2). 
A detailed chronology of the waxing and waning of the Scandinavian Ice Sheet 
has been worked out from land-based data by MANGERUD (1991) and MANGERUD and 
SVENDSEN (1992); this has recently been improved upon by BAUMANN et al. (subm.). 
When the accumulation rate data for the eastern Norwegian-Greenland Sea are 
compared to the Mangerud curves of the western Scandinavian Ice Sheet, an 
intriguing picture emerges (Fig. 14). A clear relationship can be seen between 
glacial retreats and increases in IRD accumulation rates (AR), even though the 
AR data are based on events and are therefore not continuous. The glacial curve 
of BAUMANN et al. (subm.) begins at 150 ka, when the Scandinavian Ice Sheet had 
advanced far out onto the Norwegian continental shelf. A retreat to the coastline 
occurred at about 140 ka; this retreat can be seen in the Event 6.3 AR peak. The 
glacier then advanced again; simultaneously, the AR dropped (Event 6.2). The 
retreat at the end of Stage 6 is also mirrored in the Event 6.0 AR peak. Since this 
second retreat is larger than the first, it would appear that the AR 6.0 data should 
show a higher peak than the 6.3 data. However, the AR data reflect only the 
sediments that reach the deep sea. To reach the deep sea, icebergs must be calving 
into the sea. If the glacier is further inland, icebergs cannot form and sediment 
cannot be transported to the deep sea (icebergs can calve into fjords, but many 
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fjords have a bedrock sill at their mouth which prevents the largest and therefore 
potentially longest-lived icebergs from escaping to the sea [see also section 1.4.41). 
Therefore, since the AR data reflect only marine glaciers, glacier retreat to the 
coastline would result in approximately the same IRD deposition as glacier 
retreat further inland. Since both the 140 and the 128 ka retreats reached the 
coastline and both had similar retreat rates, it is not surprising that the peaks in 
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Figure 14: Comparison of accumulation rate history of coarse terrigenous matter 
from the eastern Norwegian-Greenland Sea and the glacial history curve of the 
Scandinavian Ice Sheet. Dashed lines mark where glacier retreats coincide with 
peaks in accumulation rates. Glacier curve after Baumann et al. ( subm.), courtesy 
of R. Spielhagen. Hatched portion of glacier curve (ll.Ql. from Baumann et al. 
[subm.]) based on accumulation rate data from present study. 
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Two further glacial advances and retreats (ea. 110 and 90 ka) are shown for the 
land data. These are not mirrored in the AR data. This is not surprising for the 
110 ka advance / retreat since it did not reach the coast and therefore could not 
affect deep marine sedimentation (see previous paragraph). The 90 ka 
advance/retreat did reach the coast; it should therefore be reflected in the AR data 
but isn't. There is also no peak anywhere nearby, excluding dating errors as a 
reason. AR data from BAUMANN et aL (subm.) also do not reflect this glacial 
advance/retreat. In addition, the AR map for this time (Event 5.2; Fig. llm) does 
not show any high accumulation rates. But carbonate data for Event 5.2 show a 
pronounced drop, indicating a significant reduction in Atlantic water flow to the 
eastern NGS (HENRICH 1992). Furthermore, the pure IRD grain counts of BAUMANN 
et aL (subm.) show a small peak at this time. It is therefore possible that the 90 ka 
glacier reached the coast or somewhat beyond, depositing some IRD. If bulk 
accumulation rates were generally high in the deep sea at this time, this IRD flux 
could be registered in the grain count curve but could be drowned out in the AR 
data. 
Accumulation rates in the eastern Norwegian-Greenland Sea begin to rise 
steadily after Event 5.2 (90 ka). The glacial advance/retreat that should be 
associated with this rise also does not appear in the continental glaciation curve. 
The continental curve of BAUMANN et al. (subm.) is derived mainly from terrestrial 
data and is refined by AR data. These AR data show an abrupt peak beginning at 
about 58 ka but their pure grain percent data show a more steady rise starting at 
about 76 ka. It is therefore possible that the glaciation which peaks at ea. 58 ka 
reached the coast and beyond considerably earlier than is shown in the 
continental record. One possibility (R. SPIELHAGEN, pers. comm., 1994) is that the 
mountainous coastline of Norway allowed individual ice tongues in fjords to 
outdistance the land-based portions of the ice sheet (see FORMAN 1990). Thus fjord-
based ice tongues could have reached the coastline and beyond starting at 76 ka 
(accounting for the slow rise in the IRD grain count data) while the land-based ice 
sheet did not reach the coast until ea. 58 ka. 
In any event, the peak (58 ka) and retreat (55 ka) of this glacier can be seen 
clearly as an AR peak during Event 3.3 (55 ka). The following advance/retreat at 
ea. 45 ka is not seen in the AR records because there is no event at this time. 
However, the advances/retreats at ea. 24 and 15 ka are clearly visible as a broad-
based peak in the AR data . 
If the AR data from the eastern NGS correlate so well with the continental 
glaciation record of western Scandinavia, it is possible that the AR records from 
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other regions correlate with other ice sheets. For example, the northern NGS may 
correlate with the Barents Sea Ice Sheet (proximity to the Fram Strait output area 
and the fact that the Barents Sea Ice Sheet is completely marine-based would 
make the correlation not so clear as that for the eastern NGS). Thus one could 
draw a tentative glaciation curve for the Barents Sea Ice Sheet similar to that 
shown in Figure 15. The AR data point to an advance/retreat at 183 ka (Event 
6.6), another more spectacular advance/ retreat at 125 ka, relative absence during 
Stage 5, small advances / retreats at 65 and 55 ka, a mildly fluctuating glacier front 
between 55 and 25 ka, and a final advance/retreat at ea. 15 ka. 
0 
KCumullltlon rate. 
terrl-,oua C:08IN tl'lldlon. 
mglc:m21ky 























Figure 15: Postulated glacial history of the Barents Sea Ice Sheet based on 
accumulation rate history of coarse terrigenous matter from the northern 
Norwegian-Greenland Sea. 
Although a similar glaciation curve for the western NGS cannot be made due 
to a variety of inputs into the area, the AR data from the eastern NGS could 
provide an extension of the curve presented in BAUMANN et aL (subm.) . The AR 
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records show a tremendous but narrow peak at 183 ka. This could correlate with 
another advance/retreat of the Scandinavian Ice Sheet at this time (see Fig. 14). 
The good correlation between the peaks in the IRD accumulation rate data and 
the continental glaciation record of the Scandinavian Ice Sheet show that marine 
data, and especially the IRD AR data, can be used with success to make 
palaeoclimatic reconstructions of both the marine and the terrestrial 
environments. 
5.5. Ice cover in the Norwegian-Greenland Sea over the last two glacial/ 
interglacial cycles 
Following is a brief discussion of the glacial history of the Norwegian-
Greenland Sea and its surrounding continents over the past two 
glacial/ interglacial cycles. Results gleaned from this study can be compared 
favourably with certain other investigations in the NGS area and unfavourably 
with others. These comparisons are discussed below. 
5.5.1 Oxygen Isotope Stage 6 
Accumulation rates were generally low throughout the Norwegian-Greenland 
Sea during the transition between Stages 7 and 6. The biogenic matter facies 
(BMF) was dominant, indicating minimal ice-rafting. Coccolith evidence points 
to seasonal ice cover at this time; a brief warming episode occurred just before the 
start of Stage 6 (BAUMANN 1990). The dark siltstone fades (DSF) occurs in the 
northern NGS; its presence plus the slightly higher number of sediment pellets 
in the northern cores indicates melting icebergs from a possible glacier in the 
Barents Sea or on Spitsbergen. 
Glaciers grew rapidly at the start of Stage 6, especially in Scandinavia, as can be 
seen in the peak in accumulation rates (AR) in Fig. 12; this peak is due to a rapid 
(<3000 years) waxing and waning of the Scandinavian Ice Sheet (see also HENRICH 
1992). Dark siltstones were deposited in diamicts in the eastern NGS; these may 
have come from northward drifting icebergs from the Scandinavian Ice Sheet or 
from southward drifting icebergs from the Barents Sea Ice Sheet. Numerous 
authors have postulated that the dark siltstones originate in the Barents 
Sea/eastern Spitsbergen region or further eastward (e.g. HEBBELN 1991; KUBISCH 
1991; SPIELHAGEN 1991; KUHLEMANN et al. 1993). In addition, HENRICH (1992) postulated 
that dark siltstones found in the eastern NGS could have originally come from 
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the Barents Sea/ eastern Spitsbergen region and have been transported in a 
counterclockwise gyre until their deposition west of Norway. Unfortunately, 
since dark siltstones crop out both in the Barents Sea and on the Norwegian 
continental slope (see Section 1.5), deciding between northward- or southward-
oriented currents in the eastern NGS is impossible without more detailed 
analyses of the dark siltstones. 
Some investigators have found isotopic evidence that glacial currents flowed 
in a clockwise direction rather than the present anticlockwise flow (BISCHOF et aL 
1990; BISCHOF 1991; WEINELT et aL 1991, 1992; SARNTHEIN et al. 1992; WEINELT 1993). If 
currents were clockwise, a significant and long-lasting eddy would have to be 
imposed in the southern Fram Strait area to account for the dark siltstone fades 
in the northeasternmost cores. The clockwise reconstruction of BISCHOF (1991; 
BISCHOF et aL 1990) was based in part on the diminishing quantity of coal clasts in 
the >500 µm fraction from north to south in the eastern and northeastern NGS. 
These coal clasts were considered to have come from more northern areas such 
as Franz Josef Land or the Siberian shelf. WAGNER (1993) disputed this 
reconstruction based on the geochemical properties of coal samples from the 
NGS sea bottom in comparison with in situ coal from the Siberian shelf. It 
should be noted, however, that WAGNER (1993) analysed only one sample from the 
Siberian Shelf; he also warned of the possible inaccuracy of using coal as a tracer 
because of its rather uniform geochemical properties throughout the Arctic 
realm. This leaves the possibility of a Siberian origin for the coal from the NGS 
still open. 
The presence of scattered chalk dropstones in the easternmost core (23071; Fig. 
13; HENRICH 1992) indicates a northward drift in the eastern NGS by around 175 ka 
and thus counterclockwise circulation. By this time the quartz fades (QZF) had 
become the most dominant fades to be deposited in the NGS. Accumulation 
rates remained relatively high in the eastern NGS. An AR peak coupled with an 
increase in the deposition of sediment pellets (SP) occurred at 141 ka in the 
eastern NGS, indicating a minor increase in the number of melting icebergs in 
the eastern NGS. Based on the geochemical properties of dark siltstones in cores 
23065 and 17728 and of in situ dark siltstones from northern Norway and the 
Barents Sea, WAGNER (1993) reconstructed a westward and then southward ice drift 
from northern Norway and the Barents Sea. The sediment pellet and AR 
evidence from the eastern NGS, coupled with no increase in AR or in SP 
deposition in the northern NGS, may make a Norwegian continental shelf origin 
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more likely (WAGNER [1993] did not analyse samples from the Norwegian 
continental shelf); definite proof is lacking for either reconstruction. 
The interpretation of relatively warm conditions during isotopic Events 6.5 
and 6.3 (171 and 141 ka) is supported by the deposition of lithofacies A and the 
appearance of coccoliths in the Fram Strait (HEBBELN 1991; HENRICH 1992). 
Conditions were generally not warm enough to allow the biogenic matter facies 
(BMF) to be deposited. Higher accumulation rates of coarse IRD appear 
throughout the NGS during both events, indicating the increasing instability of 
ice margins and the melting of icebergs in the NGS. These increased ARs are 
supported by the increase in TOC-rich sediments (WAGNER 1993). The intervening 
Event 6.4 (157 ka) is marked by lower ARs throughout the NGS, indicating a 
return to stable ice margins and the reduced release of icebergs. 
Glacier and sea ice cover was extensive during the entire Stage 6; the entire 
Norwegian-Greenland Sea was covered by floating ice (not an ice cap; see section 
5.6). It is likely that this ice melted in places or that leads were present between 
sea ice floes; although it has been shown that sediment can melt through a closed 
ice cover (NEDELL et al. 1987; SQUYRES et al. 1991), there would be little chance of 
significant quantities of sediment (such as those seen in the accumulation rate 
maps) being deposited on the ocean floor if absolutely no open water existed (see 
KOLIA et al. 1979; BAUMANN 1990; GARD 1993). 
5.5.2 Oxygen Isotope Events 5.5.3-5.5.1 
During the first 5000 years of the interglacial Stage 5 (Stage 5.5 = the Eemian; 
MANGERUD et al. 1979; MANGERUD 1989) accumulation rates (AR) were extremely 
high in the northern and eastern NGS; ARs in the north had a broad peak that 
started about 145 ka. Input from the Fram Strait was stronger and extended 
further to the south. Alternatively, material that apparently came out of the 
Barents Sea/ Spitsbergen region may have been transported in a clockwise gyre 
and been deposited by melting ice in the southern Fram Strait region (HENRICH 
1992). During this time the biogenic matter fades (BMF) began to dominate the 
sediments, indicating warmer climates and decreasing ice-rafting. By this time 
warm Atlantic water had penetrated into the eastern NGS. This is supported by 
the deposition of the "warm water" fades A and B3 in the NGS, by the deposition 
of the biogenic matter fades (BMF), by oxygen isotope records, by a strong peak in 
the amount of coccoliths and by the decrease in the TOC content of the sediments 
(HENRICH et al. 1989; BAUMANN 1990; BAUMANN et al. 1993; HENRICH 1992; WAGNER 1993). 
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Atlantic Water penetrated northward into the Fram Strait region (HEBBELN 1991; 
SPIELHAGEN 1991); it was very weak in this region, however, and floating ice is 
registered by the high ARs, the lack of dominance of the biogenic matter fades 
(BMF) and the nannoplankton data of GARD and BACKMAN (1990). Palaeocirculation 
patterns at this time were generally similar to those of today (HEBBELN 1991; 
SPIELHAGEN 1991). 
This time is the last peak interglacial period before that of today. Accumulation 
rate data for this penultimate peak interglacial demonstrate that many icebergs 
were depositing sediment into the Norwegian-Greenland Sea, whereas today 
icebergs do not generally occur except in the East Greenland Current. There are 
two reasons for this. The first is that the Stage 6 glaciation was stronger than that 
of Stage 2, resulting in much greater amounts of melting ice during the transition 
to an interglacial climate. The second, more important reason is that the present 
interglacial is 10,000 years after the last deglaciation (Termination I) while the 
penultimate interglacial occurred <5000 years after Termination II. Thus 1) a 
smaller amount of ice melted and 2) a greater amount of time passed between 
deglaciation and full interglacial in Stage 1 (Recent) than in Stage 5. 
5.5.3 Oxygen Isotope Events 5.4-3.0 
The combination of low accumulation rates and the dominance of the biogenic 
matter fades (BMF) indicate that the remainder of Stage 5 was relatively warm. It 
was not, however, as warm as during Event 5.5.1; this is supported by the 
decrease in deposition of carbonate sediments (HENRICH 1992). The NGS may 
have been at least seasonally covered with sea ice during portions of Stage 5 
(BELANGER 1982; HEBBELN 1991), but icebergs were rare. At least the southwestern 
portion of the NGS apparently remained free of sea ice (HAAKE and PFLAUMANN 1989; 
SEJRUP et al. 1989; LARSEN and SEJRUP 1990). The dark siltstone fades (DSF) is more 
prominent in the northern NGS, indicating that the Spitsbergen/Barents Sea 
region was ice-covered at this time. Deglaciations of Spitsbergen and Norway at 
110 ka cannot be seen in neighbouring marine cores (MANGERUD 1992; BAUMANN et 
al. subm.; see also HENRICH 1992). Carbonate and biogenic data point to a brief 
warming of the NGS during Events 5.3 and 5.1 and cooling in Event 5.2 (103, 79 
and 90 ka respectively; BAUMANN 1990; GARD and BACKMAN 1990; HEBBELN 1991; 
HENRICH 1992); TOC contents (WAGNER 1993) and accumulation rates for coarse IRD 
are uniformly low at this time, hindering any interpretations of 
palaeoenvironments based on these data. 
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The background levels of IRD accumulation rates began to increase after Event 
5.1 (79 ka). Carbonate evidence shows a relatively cool NGS during Event 4.2 (65 
ka; HEBBELN 1991: HENRICH 1992); by this time the biogenic matter facies (BMF) had 
been replaced in some cores by the quartz facies (QZF). Accumulation rates of 
coarse IRD increase throughout the Norwegian-Greenland Sea during the 
transition to Stage 3; these ARs are highest in the eastern NGS, where diamicts 
were deposited (HENRICH 1992). An AR peak occurred in the eastern NGS between 
59 and 55 ka, but accumulation rates remained generally low until Stage 2. In 
Stages 4 and 3 the input from eastern Spitsbergen increased somewhat (HEBBELN 
1991; SPIELHAGEN 1991). The Spitsbergen Ice Sheet advanced and retreated around 
55 ka (HEBBELN 1992; MANGERUD 1992; MANGERUD and SVENDSEN 1992); this is 
mirrored in AR peaks in the northern and possibly the eastern NGS. 
Apparently an ice sheet did not exist in the Barents Sea area during Stage 3 
(DOKKEN and HALD 1992). Coccolith data indicate brief intervals of warmer 
conditions in the Fram Strait and the NGS at the end of Stage 3 and during the 
transition to Stage 2 (BELANGER 1982; HEBBELN 1991); this may account for the 
shallow trough in the AR curve for the northern NGS at this time. Such an AR 
dip cannot be seen elsewhere in the NGS; it would be difficult to explain warmer 
waters in the northern NGS than elsewhere. 
5.5.4 Oxygen Isotope Stages 2 and 1 
During Stage 2 ice sheets and sea ice became widespread for the last time. This 
is indicated by the combination of high accumulation rates and the general 
domination of the quartz (QZF) and, to a lesser degree, the dark siltstone facies 
(DSF) over the biogenic matter facies (BMF). A complete ice cover like that seen 
in the CLIMAP reconstruction (CLIMAP PROJECT MEMBERS 1976; KELLOGG 1980; 
KELLOGG et al. 1978) is unlikely due to sedimentation in the NGS at this time (see 
also Section 5.6.). The Barents Sea, Spitsbergen and Scandinavian Ice Sheets all 
expanded to the continental shelf edge (VORREN et al. 1984, 1988; MATISHOV 1987; 
HALD et al 1989; DOKKEN and HALD 1992; HAFLIDASON and SEJRUP 1992; HEBBELN 1992; 
MANGERUD et al. 1992; BAUMANN et al. subm.); the portion of the Barents Sea Ice Sheet 
above the Bear Island Trough could have been a "calving bay" for icebergs 
(VORREN and KRISTOFFERSEN 1986). 
Circulation patterns resembled those of Stages 3 and 4 (HEBBELN 1991; 
SPIELHAGEN 1991). The nearly continuous presence of chalk in core 23071 during 
Stage 2 points to a northward drift of icebergs in the eastern NGS and thus to an 
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anticlockwise circulation pattern in the NGS as a whole. This chalk can be traced 
northward along western Norway and up into the Fram Strait (SCHACHT 1991; 
SPIELHAGEN 1991; HENRICH 1992). 
Elevated amounts of sediment pellets were deposited during the last 
deglaciation. Peaks in the accumulation rates of IRD can be seen between 26 and 
12 ka in the Fram Strait (HEBBELN 1991; MANGERUD 1992); these may be derived 
from the melting of icebergs from Spitsbergen. Most studies point to a rapid 
deglaciation of the Scandinavian and Barents Sea Ice Sheets around 15-13 ka 
(RUDDIMAN and MCINTIRE 198la and b; VORREN et al. 1988; HALD et al 1989; JONES and 
KEIGWIN 1989; SVENDSEN and MANGERUD 1990; DOKKEN and HALD 1992; SVENDSEN et al 
1992; SIEGERT 1993), although some investigators see some glacier melting at 18-22 
ka (GROUSSET and DUPLESSY 1983; LEHMAN et al 1991; H. HAFLIDASON, pers. comm. 1993). 
Deglaciation was driven mainly by iceberg calving (HUGHES 1992a). Spitsbergen 
may not have begun deglaciation before 10 ka (HEBBELN 1992b; MANGERUD 1992; 
MANGERUD and SVENDSEN 1992). This seems to be supported by the delayed 
appearance of the biogenic matter fades (BMF) in the northeastern NGS. 
At ea. 15 ka a rise in dark siltstones occurred in the eastern NGS (Fig. 13). At 
this time BISCHOF (1991, 1994) found evidence of a transition from crystalline rock 
deposition to elastic sedimentary rock (such as dark siltstones) deposition for the 
eastern NGS. Based on geochemical properties of the sediments, he attributed the 
origin of the sedimentary rock to the Barents Sea region, thus revealing a possible 
reversal in current directions in the eastern NGS. A complete change from 
anticlockwise to clockwise NGS circulation did not take place, however; currents 
in the western NGS continued to flow southward. In Fig. 13 it can be seen that 
chalk deposition comes to an abrupt halt at this time in core 23071; this may 
indicate that the heretofore prevailing northward flow of ice off Norway, carrying 
chalk from the North Sea region, suddenly was replaced by a southward flow 
which carried the siltstones from the Barents Sea. This may be a result of the 
deglaciation of the Barents Sea Ice Sheet (see also SARNTHEIN et al. 1992). 
A diamict deposited at 13.5-13.2 ka in core 23071 contains coal and chalk 
fragments (HENRICH 1992), indicating that the northward drift in the eastern NGS 
had reasserted itself by this time. High TOC values in the diamict appear to 
indicate a source on the Norwegian continental shelf (WAGNER 1993). 
Carbonate and diatom data indicate that the first intrusion of Atlantic Water 
occurred at 13-10 ka (HENRICH 1992; Koc;: KARPUZ and JANSEN 1992). The biogenic 
matter fades (BMF) began to be deposited at ea. 12-10 ka (ea. 7 ka in the 
northeastern NGS), indicating a decrease in IRD and the return to warmer 
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climates. The transition to Holocene climates after the Younger Dryas is marked 
by an increase in carbonate deposition and by the replacement of the C and Bl 
facies by the A and B3 facies 8-6 ka (HENRICH 1992). The deposition of modem 
coccoliths and diatoms began at about this time (BAUMANN 1990; BAUMANN and 
MATIHIESSEN 1992). Current patterns in Stage 1 are similar to those of Stage 5 
(HEBBELN 1991; SPIELHAGEN 1991). 
5.6 The existence of the Arctic Ice Sheet during glacial eras 
Many investigators have postulated the existence of a huge ice cap centred on 
the Arctic Ocean during glacial Stages 6 and 2 (BROECKER 1975; HUGHES et al. 1977, 
1981; DENTON and HUGHES 1981; WILLIAMS et al. 1981; GROSSWAW 1988). This cap would 
have merged with the Greenland, Laurentide, Barents Sea and Scandinavian Ice 
Sheets and would have its only marine contact in the southern Norwegian-
Greenland Sea or northern North Atlantic Ocean and in the northern Pacific 
Ocean. If such an ice cap existed, it would have operated much like a glacier: 
sediment would be entrained in the land-based ice sheets, would travel through 
the cap and be deposited in the NGS/North Atlantic (NGS/NA) area (see 
LINDSTROM and MACAYEAL 1986). Thus an east-west transect across the NGS/NA at 
the time of the existence of this cap would reveal sediments with relatively 
varied lithologies: for instance, sediments incorporated from northeastem 
Greenland would be found only in the western portion of the transect while 
sediments incorporated from the Siberian portion of the ice cap would be found 
only in the eastern portion of the transect. If this ice cap, on the other hand, did 
not exist, then sea ice and icebergs would be found in the Arctic Ocean and 
surrounding seas, including the NGS. Since the sea ice and icebergs would be 
subject to the whims of ocean and wind currents, sediment carried by these forms 
of ice would have a great deal more lateral (east-west) movement than that being 
carried by a uniformly-flowing ice cap. Consequently, the sediments found on the 
same transect mentioned above would be expected to be much more 
homogenous (no particular east-west lithological differences; see MOLNIA 1983a; 
LINDSTROM and MACAYEAL 1986). 
The southern transect of the present investigation is situated approximately 
where the hypothetical transect of LINDSTROM and MACAYEAL (1986) lies. The 
sediments found in this transect do not show any particular lithological zonation 
(see Section 4.1). Although this is not conclusive proof, these data and the fact 
that biogenic material (which would not be able to live under up to a kilometre 
of ice) occurs quite frequently in the glacial Stage 6 and Stage 2 sediments indicate 
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that, if the proposed Arctic Ice Cap did exist at all, it did not extend south of the 
Arctic Ocean. 
5.7 Comparison to Heinrich events 
In recent years much research has been devoted to so-called "Heinrich layers" 
in the northern North Atlantic (Heinrich layers must not be confused with 
Henrich fades). Heinrich layers appear to have been caused by massive discharges 
of icebergs from the Laurentide Ice Sheet in North America during at least the 
last ea. 70 ka. These layers are marked by peaks in terrestrial coarse IRD and in 
fossil detrital carbonate (HEINRICH 1988; BOND et al. 1992a-d). It appears that they 
occurred when the Laurentide Ice Sheet, centred on the crystalline rocks of the 
Canadian Shield, advanced onto the softer carbonate rocks further eastward. The 
greater erodability of the carbonate rocks led to an increase in the velocity of the 
Ice Sheet and its consequent destabilisation. This brought about the calving of 
great numbers of icebergs and the precipitous retreat of the ice sheet (ALLEY and 
MACAYEAL subm.; MACAYEAL in press). The icebergs carried glacial sediment into the 
northern North Atlantic Ocean (between latitudes 40-65°N); this sediment was 
deposited as far east as the Canary Islands off the northwest coast of Africa. 
The origin of Heinrich layers and those of the diamict fades D, E and F of 
HENRICH (1992) are remarkably similar: both are assumed to have been caused by 
rapid disintegration of an ice sheet, the Laurentide for the Heinrich layers and the 
Scandinavian for Henrich fades. Heinrich events occurred in the northern 
North Atlantic at ea. 69 (Heinrich layer 6 = H6), 52 (H5), 41 (H4), 28 (H3), 21 (H2) 
and 14.3 (Hl) ka (BOND et al. 1992c). Only sediments with ages of 190-60 ka and 25-0 
ka were analysed in the present study, so that correlations can be made only with 
layers H6, H2 and Hl. 
Heinrich layers do not correlate well with the diamicts of HENRICH (1992). In 
core 23071 a diamict occurs at 14.3 ka, the same time as Hl (see HENRICH et al. 
[subm.] for further discussion). No other diamicts have the same ages as Heinrich 
layers. But Table 18 lists some intriguing comparisons between Heinrich layers 
and the results of the present study. About 1000 years before the deposition of H6 
a peak in the amount of dark siltstones occurred in the northern transect; 500 
years later (500 years before H6) a peak occurred for quartz. Similarly, peaks in 
dark siltstones occurred ea. 300 years before Hl while quartz peaks occurred ea. 
1100 years before H2 and 200-300 years before Hl. Peaks soon after the deposition 
of Heinrich layers are not as common: a dark siltstone peak appears 100 years 





TABLE 18: Correlation of sediment characteristics from the Norwegian-
Greenland Sea for the deposition times of Heinrich layers H6, H2 and H 1 
SOUTHERN TRANSECT NORTHERN TRANSECT 
Characteristic H6 (69 ka) H2 (21 ka) Hl (14.3 ka) H6 (69 ka) H2 (21 ka) Hl (14.3 ka) 
Lithotype BMF QZF QZF QZF BMF QZF 
Accumulation Rate increasing high high increasing low high 
qtz peak before - ea. l. l ky ea. 0.3 ky ea. 0.5 ky - ea. 0.2 ky 
qtz peak after - - ea. 0.2 ky - - ea. 0.2 ky 
dss peak before - - ea. 0.3 ky ea. l ky - ea. 0.3 ky 
dss peak after - - - - ea. 0.1 kv -
;:1 
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after ( essentially the same time as) H2 while a quartz peak occurs 200 years after 
the deposition of Hl. 
This, coupled with the fact that accumulation rates at the times of deposition 
of the Heinrich layers are generally increasing or high, indicates that there is 
some correlation between deposition of sediments in the Norwegian-Greenland 
Sea and of Heinrich layers further south. Specifically, it appears that a peak in the 
deposition of dark siltstones or of quartz in the NGS occurs within 1000 years of 
the deposition of Heinrich layers further south. This would indicate that sudden 
glacier surges and resulting iceberg calving events from the Scandinavian Ice 
Sheet occurred within 1000 years of those from the Laurentide Ice Sheet. 
However, since the method used for dating the Norwegian-Greenland Sea cores 
is generally not more accurate than 1000 years (more accurate AMS dates exist 
only for Stages 1 and 2 in cores 23065 and 23071), it cannot be resolved whether 
sedimentation peaks preceded or followed the deposition of Heinrich layers, only 
that they occurred within 1000 years of each other. Similar correlations between 
peaks in terrigenous IRD and Heinrich layers were observed in the Greenland 
Sea by BAUMANN et al. (1993). 
GROUSSET et al. (1992, 1993) indicated that the sediments from H6 and H3 may 
have originated in Scandinavia or in the Arctic. The time of H3 deposition was 
not investigated in the present study. But a Scandinavian/ Arctic origin for H6 
would require large amounts of IRD deposition throughout the Norwegian-
Greenland Sea. Although accumulation rates of coarse IRD are on the rise at the 
margins of the NGS at this time, the deposition of the biogenic material fades 
indicates generally low terrigenous input in the NGS; this seems to refute 
(although not conclusively) a Scandinavian/ Arctic origin for H6. Further 
research, especially more detailed sampling from more sediment cores, would be 
required to determine if there is a definite link between the sediments and 
processes in the NGS and those further south. 
TMI NORTH WATER. 
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6 Conclusions 
$ Coarse (>125 µm) sediments found on the floor of the Norwegian-
Greenland Sea can be classified into three lithotypes: that dominated by quartz 
(QZF), that dominated by dark siltstones (DSF) and that dominated by biogenic 
material (BMF). Other lithotypes occur, but they do not cross the correlation 
coefficient = 0.7 boundary of statistical significance. A one-to-one relationship 
between lithotypes and lithofacies was not seen; rather, it was shown that most 
lithofacies consist of a variety of lithotypes that correlate chronologically. An 
attempt to further subdivide the lithofacies according to the lithotypes should not 
be made; although it would give more sedimentological data for any one core, 
correlation to neighbouring cores would prove difficult. 
$ The DSF predominated in Norwegian-Greenland Sea cores from Stage 6 and is 
thus a "glacial" fades. The main source for the DSF appears to lie east and south 
of Svalbard; additional sources are the Norwegian continental shelf and 
northeastern Greenland. The QZF predominated the IRD in Stages 5.5 to 1; 
because the Stage 2 glaciation was much weaker than the previous one, the QZF 
is considered to be a deglacial and interglacial IRD fades. Because the QZF consists 
of broken-down crystalline rocks, source areas could lie anywhere in the Arctic 
realm. 
$ Results of the mapping of IRD accumulation rates show that the presence of 
the BMF generally ties in with low IRD accumulation rates. A transition to the 
BMF from another lithotype would therefore indicate a decrease in the 
deposition of terrestrial IRD while a transition from the BMF to another 
lithotype would indicate an increase in the deposition of terrestrial IRD. 
* Lithofacies A and B3 of HENRICH (1992), which are considered to be "warm 
water" fades, are dominated by the biogenic matter fades (BMF). The DSF 
dominates in the lithofacies B2/ Bl and C; it does not figure strongly in the 
diamicts, which are usually dominated by the quartz fades (QZF). Although 
peaks in dark siltstone deposition occur during the deposition of the diamicts, 
quartz dominates over dark siltstones in almost every diamict by a factor of about 
8 to 1. Yet the dark siltstones have enough TOC to create the TOC peaks found by 
WAGNER (1993) in the diamicts. 
Conclusions 
* The number of sediment pellets correlates well with the overall climate 
record, with more sediment pellets being deposited during glacial and deglacial 
times than in interglacial eras. Additionally, peaks in sediment pellet occurrence 
tie in well with peaks in quartz and/or dark siltstone deposition. Few sediment 
pellets were found in the "warm water" fades B3 and A. More sediment pellets 
are found in the "cool water" fades B2/Bl and C than in the diamicts D, E and F. 
This may be because the sediment that eventually forms sediment pellets is 
entrained on the continental shelf during glacier advance. By the time of glacier 
retreat, the glacier may have eroded most loose sediment from the shelf, making 
it difficult for sediments to be deposited within diamictons. 
* Accumulation rates of coarse terrigenous material were highest in Stage 6 and 
the 6/5 and 2/ 1 transitions. Accumulation rate histories for the eastern, western 
and northern NGS differ strongly. The eastern NGS shows a major accumulation 
rate peak at the beginning of Stage 6. This may signal a rapid buildup and decay of 
the Scandinavian Ice Sheet. The northern NGS has a major accumulation rate 
peak at the 6/ 5 transition; this may indicate the decay of the Barents Sea Ice Sheet. 
The western NGS indicates an accumulation rate peak at the 2/ 1 transition; 
correlation with ice sheets is difficult due to the transport of the East Greenland 
Current. Background iceberg melting in Stage 6 was greater than in Stage 5 by a 
factor of 2-6; melting in Stage 6 was greater than in Stages 4-2 by a factor of 1-3; 
and in Stage 6 melting in the eastern sector (off Norway) was greater than in the 
other sectors of the NGS by a factor of 3. 
* Glacier retreats can be seen clearly in marine sediment accumulation rates if 
the glacier has advanced beyond the coastline. Accumulation rate peaks in the 
eastern NGS tie in well with the glacier retreats proposed by BAUMANN et al. 
(subm.). This makes it possible to correlate marine sediment records to terrestrial 
glacier advance / retreat reconstructions. Based on this evidence, a glacier 
advance/retreat model for the Barents Sea Ice Sheet is proposed. 
* Reconstructions of circulation and depositional history are made for the 
Norwegian-Greenland Sea using evidence from this and other investigations. 
* Sedimentologic data from this study, supported by foraminiferal evidence, do 
not support the concept of a kilometre-thick ice sheet resting in the Arctic Ocean 
during glacial periods. 
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* A peak in the deposition of dark siltstones or of quartz in the NGS generally 
occurs <1000 years before the deposition of Heinrich layers further south in the 
North Atlantic Ocean. This, coupled with the fact that accumulation rates at the 
times of deposition of the Heinrich layers are generally increasing or high, 
indicates that there a possibility that sudden glacier surges and resulting iceberg 
calving events from the Scandinavian Ice Sheet occurred within 1000 years of 
those from the Laurentide Ice Sheet. 
AGRO U ND NEAR THE I CE•FOOT. 
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Appendix 8: Grain count percentages of sediments In the > 125 µm fraction 
Grain percentages expressed as average of grain percentage of 125-500 µm 
fraction and grain percentage of >500 µm fraction. Ages of sediment sample 
depths are In factor analysis appendix. Tables arranged Into last (Stages l & 2 = 
'"l/2") and penultimate (Stages 5 & 6 = '"5/6") glacial/Interglacial cycles. In the 
l /2 listings, a sample depth with an asterisk (*) comes from a box core (GKG) 
while other sample depths come from long box cores (KAL). 
17728 1/2 >125 µ,m 
depth,an 
rocks 0,00 5,00 10,00 15,00 20,00 25,00 30,00 45,00 
quanz 3,33 1,67 29,00 38,35 22,90 14,96 10,98 17,64 
feldspar 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
mica 0,00 0,00 0,00 0,15 0,26 0,16 0,00 0,00 
mafic minerals 0,00 0,00 0,00 0,00 0,12 0,00 0,00 0,00 
sandstone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
dark siltstone 0,33 0,00 7,33 7,76 15,43 7,47 7,51 16,71 
light siltstone 0,00 0,00 0,00 2,34 2,98 6,83 0,47 8,17 
red siltstone 0,00 0,00 0,00 1,46 1,56 0,67 0,63 1,50 
spiculitic chert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
other chert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
fossiliferous limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
light limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
dark limestone 0,00 0,00 0,00 0,30 0,00 0,00 0,00 0,00 
chalk 0,00 0,00 0,00 0,44 0,37 5,34 0,79 0,00 
coal 0,00 0,00 0,33 0,00 0,00 0,00 0,00 0,00 
quartzite 0,67 0,67 2,00 9,20 7,62 5,82 7,66 4,61 
mica schist 0,00 0,00 0,00 0,59 0,24 0,00 0,00 0,00 
phyllite 0,00 0,00 0,00 0,88 0,00 0,00 0,00 0,00 
crystalline schist 0,00 0,00 0,00 0,00 0,36 0,00 0,47 0,00 
light crystalline rock 0,33 0,00 0,33 0,44 1,19 3,15 0,00 0,75 
dark crystalline rock 0,33 0,00 0,33 0,88 0,59 0,16 0,94 0,75 
red crystalline rock 0,00 0,00 0,00 0,59 0,14 0,00 0,47 0,00 
green crystalline rock 0,00 0,00 0,00 0,44 0,12 0,00 0,47 0,00 
biogenic matter 95,00 97,67 60,67 36,21 46,15 55,45 69,65 49,90 
17728 5/6 > 125 µ,m 
depth, cm 
rocks 100 105 110 1)0 150 155 165 175 185 195 200 205 210 220 2)0 240 245 250 260 265 275 
quartz 65,29 49,91 ll,95 ll,94 7,07 46,52 57,54 6),84 13,70 73,04 70,29 52,94 30,27 21,23 57,69 34,12 47,27 50,24 52,96 21,92 14,81 
miCI 0,33 0,00 0,00 0,16 0,17 l,93 0,00 0,00 0,00 0,64 0,32 o,;6 0,82 0,34 0,00 0,33 0,00 0,)3 0,00 0,48 0,00 
Ol.'.lfic minerals 0,00 0,00 0,16 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,16 0,00 0,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 
d:irk siltstone 8,93 3,74 15,84 10,44 18,89 l7,Q7 7,92 9,87 )6,67 7,66 10,49 l),88 10,10 17,5) 18,65 )0,45 23,85 26,95 23,78 28,92 24,20 
light silts1one ),57 l,79 4,71 6,49 2,42 ;,3; 11,6; 8,76 9,50 4,55 7,42 7,44 8,76 14, l 4 9, 16 22,54 16, 16 14,8) 5,70 5,88 ll, l l 
red siltstone 0,00 0,90 0,16 0,38 0,58 2,07 1,27 6,81 2,46 5,4) 4,99 3,05 l,08 3,71 4, 19 7.S l 9,69 ), l l 0,17 0,00 2,32 
spiculitic chert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
01her chert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,47 
fossiliferous limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
light linll--stone 0,00 0,00 0,00 0,00 0,00 0,15 0,00 0,00 0,00 0,00 0,00 0,00 OJO 0,00 0,21 0,33 0,)3 0,00 0,00 0,00 0,00 
dark linteStone 0,00 0,00 0.00 0,00 0,00 0,00 0,) 1 2,1; 0,00 0,00 0,85 0,22 0,00 0,00 0,00 0,17 0,00 0,00 0,00 0,00 0,47 
d1alk 0,00 0,00 0,00 0,00 0,00 0,15 0,00 0,62 0,00 0,00 0,00 0,00 0.00 0.12 0,00 0,33 0,00 0,00 0,00 0,00 0,00 
cool 0,90 0,00 0,00 0,00 0.00 0,27 0,00 0,)3 0.11 0,00 0,29 0,22 0,)) 0,00 0,00 0,50 0,48 0,00 0,)3 0,00 0,00 
QUlftZite 8,04 5.52 2,76 5,52 2,59 6,51 9,20 1,86 2,73 3,51 3,23 ;,63 I ).17 7,20 7,91 2,95 1,92 3,91 13,93 7,94 4,69 
micl schist 0,90 0,45 0.00 0.00 0,00 0,23 l,08 0,00 0,32 0,00 0,00 0,22 0,59 0,12 0,42 0,00 0,00 0,00 0,00 0,00 0,00 
phyllite 0,00 0,45 0,00 0,00 0,00 0,72 0,19 0.00 0,00 0,16 0,00 0,61 0,46 0,12 0,00 0,00 0,00 0,00 0,17 0,00 0,47 
crystalline schi.st 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
light crystalline rock 3,57 2,68 0,76 0,16 0,58 1,28 1, 11 1,37 0,42 1,76 l,14 1,62 0,88 0,12 0,21 0,33 0,00 0,17 l,41 0,00 0,00 
dark crystalline rock 1,22 6,42 2,04 l,30 0,42 3,01 l,79 3.35 0,42 0,32 0,29 1,01 1,93 0,80 0,84 0,49 0,33 0,17 0,87 1,43 0,00 
red crystalline rock 0,00 0,61 0,00 0,92 0,00 0,97 0,16 1,08 1,00 0,00 0,00 0,39 0,30 0,)4 0,30 0,00 0,00 0,33 0,71 0,00 0,00 
green crystalline rock 0,00 1,06 0,00 0,00 0,00 0,00 0,16 0,00 0,00 0,00 0,29 0,22 0,00 0,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
biogenic m:itter 7,28 26,51 61,64 62,71 67,30 l),80 4,66 0,00 32,71 2,95 0,29 11,99 30,88 33,77 0,44 0,00 0,00 0,00 0,00 33,H 41,49 
21906 1/2 >125 JLffi 
depth,cm 
rocks 0 5 10 15 20 25 30 35 40 so 
qu:irtz 6,23 2,38 5,00 25,47 28,78 27,09 27,81 31,55 14,06 25.37 
mica 0,00 0,16 0,00 0,47 0,76 0,31 0,32 0,81 0,51 0, J'i 
mafic minerals 0,00 0,00 0,00 0,47 0,60 0,15 0,22 0,29 0,00 0,00 
dJrk siltstone 5,06 l,29 2,59 3,30 .!2,65 6,64 J,87 5,63 42,53 15. l.! 
light siltstone 0,65 0,00 0,00 0,16 .~. 78 2,87 4,47 1,45 8,62 J,l'l 
red slltstone 0,80 0,19 0,00 0,00 2.41 1, IS 0,44 0,66 1.65 I .64 
spiculiric chert 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 
olher chert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
fossiliferous limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 (l.00 
light limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,83 0.82 
dJrk limestone 0.95 0,00 0,00 0,00 0,00 0,00 0,00 0, l,l 0,00 (),00 
ch,uk OJ2 0,00 0,00 0,00 0,16 0,58 0,88 l,19 0,00 0.00 
""" 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,16 0,00 0,00 
qu:1rtzi1e 0,64 0,62 0,81 0,63 8,50 10,11 11,92 12,87 i. SS 9.52 
miCJschist 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,40 OS 0,00 
phyllite 0,16 0,00 0,00 0,16 0,76 0,00 0,22 0,40 0,00 1.81 
cryst1!line schist 0,00 0,00 0,00 0,00 0,00 0,00 0,22 0,00 0,00 0,00 
light crystalline rock 0,00 0,00 0,00 0,00 0,60 1,72 0,66 0,40 0,17 0, 17 
d;rrk cryst:11line rock 0,32 0,00 0,16 0,00 1,68 J,06 l,90 2,11 0,51 1,64 
red cryst.1!1ine rock 0,32 0,00 0,00 0,00 0,00 1,53 0,44 1,06 0,37 I, 15 
green crysta!line rock 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,17 
biogenic nt1tter 84,58 95,38 91,45 19,34 29,33 44,83 46,68 40,91 21,86 45,JO 
21906 5/6 > 125 µm 
depth.cm 
rocks 160 165 170 175 180 185 195 200 205 210 215 220 225 230 235 240 245 250 
quartz 12,75 14,24 24,50 8,32 13,65 29.33 9,44 17,25 8,54 4,92 9,89 11,48 33,46 13,25 65,08 59.35 71,29 74,06 
feldspar 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
mica 0,16 0,00 0,30 0,00 0,00 0,26 0,33 0,43 0,17 0.33 0,17 0,17 0,34 0,61 0,16 0,32 0,81 0,33 
mafic minerals 0,00 0,00 0,00 0,00 0,00 0,88 0,00 0,15 0,83 0,00 0,00 0,00 0,51 0,21 0,30 0,16 0,49 0,17 
sandstone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
dark siltstone 15.53 21,25 9,50 5,89 9,87 16,98 21,43 18,83 14,7) 28,64 4,23 4,05 7,01 41,40 11,09 14, 16 8,71 3,46 
light siltstone 4,14 7,86 1,84 1,35 3,44 9,11 5,00 7,28 3,06 ;,04 1,41 1,66 5,58 4,89 5,03 3,61 4,84 5,02 
red siltstone 1,18 3,22 2,81 0,00 0,00 2,63 1,87 0,87 1,23 1,77 0,00 0,00 5,24 1,99 2,14 5,06 1,62 7,08 
spicu!itic chert 0,00 0,00 0,00 0,00 0,00 0.00 0,29 0,00 0,00 D,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
other chert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
fossiliferous limeslone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,)6 0,27 0,00 0,26 0,00 0,00 0,00 0,00 0,00 
light limestone 0,15 1,79 l, 13 0,00 0,00 1,04 0,00 0,55 0,,12 0,00 0,00 0.00 0,1) 0,21 1,5·1 0,86 0,00 0,33 
d:trk limestone 0.00 0,00 0,56 0,00 0.00 0,26 0,29 0,00 0,00 0,00 0.00 0.00 O,Sl 0.00 1,80 3,45 0,00 0,00 
chalk 0,16 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,26 0,00 0,42 0,32 0,00 1,90 
crul 0,00 0,00 0,15 0,00 0,00 0,15 0,00 0,00 0,00 0.00 0.00 0,00 0,00 0,00 0,28 0,00 0,00 0,00 
quartzite 5,92 8,)) 11,30 3,99 ),07 10,65 ·1,49 11,47 4Jl 6.12 2,50 2,56 7,94 4,45 7,82 8,76 11, 13 S,61 
mica schist 0,00 0,17 7,87 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
phyllite 0,00 0,00 0,00 0,00 0,00 0,26 0, 17 0,15 0,00 0,00 0,00 0,00 0,68 0,97 1,82 0,48 0,16 0,00 
crystalline schist 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
light crystalline rock 0,15 0,72 0,56 0,00 0,00 0,26 0,29 0,)6 0,83 0,17 0,17 0,00 0,51 0,00 0,58 0,00 0,00 0,00 
dark crystalline rock 1,03 1,76 3,37 0,16 0,23 0,92 0,00 1,23 0,00 0,00 0,27 0,58 1,95 0,00 0,76 0,16 0,00 0,00 
red Cl)'Stalline rock 0,74 0,52 0,56 0,00 0,39 0,78 1,47 0,15 0,00 0,00 0,00 0,00 1,70 0,00 0,62 2,21 0,00 0,00 
green crystalline rock 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,26 0,00 0,14 0,00 0,00 0,00 
biogenic matter 58,14 40,17 35,57 80,31 69,37 26,52 54,98 41,32 64,91 52,68 81,11 79,51 33,42 32,05 0,48 l, 12 0,97 2,06 
depth,cm 
rocks 255 260 270 280 285 290 295 JOO 305 310 315 320 
quartz 65,47 13,28 10,79 10,52 17.33 20,95 8,48 13,18 43,12 11, 15 29,68 24,41 
feldspar 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
mica 0,20 0,00 0,15 0,35 0.00 0.00 0,00 0,00 0,00 0,00 0,00 0,80 
mafic minerJls 0,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
s:tndstone 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
dark siltstone 11,94 26,77 32,19 18,21 26,68 11,81 21,29 19,74 23,55 25,37 12, 10 11,08 
light siltstone 3,29 2,97 12,45 10,76 l'i,27 3,'i 1 7,T2 5,23 4,96 2.92 6,55 5,38 
red siltstone 3,63 l, 11 2,95 3,77 4,75 0,96 4,57 0,75 2,84 2,24 1,42 t,62 
spicu[itic chert 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 
other chert 0.00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 
fossiliferous limestone 2,22 0,00 0,00 0,00 0.19 0,00 0,00 0,00 0,00 0,00 0.00 0,00 
light lirneslone 1,01 0,00 0,00 0,00 0.38 0,64 1, 15 0,00 0,85 0,00 0.00 0,00 
d:irk lirnrstone 1,58 0,00 0,00 0,00 0.00 OJ2 0.57 0,00 0,57 0,00 0.00 0,00 
chalk 0.20 0,00 0,00 0,00 0.00 0,17 0,00 0,00 0,29 0,00 0,00 0,00 
cwl 0,00 0,00 0,00 0,00 0,00 0,00 0,29 0,00 0,00 0.00 0.00 0,00 
qllJ!IZite 7,07 7,73 3, 19 1,94 j,27 8,80 5,43 5,39 11,56 ·1,74 4 ,41 11,65 
mica schist 0,00 0,00 0,00 0,00 0,00 0,64 0,00 0,00 0,00 0,00 0,00 0,00 
phyllite I, II 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,29 0,00 O,H 0,00 
ayst:illine schist 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 l,28 1,62 
light crystalline rock 0,61 0,74 0,36 1,08 0,00 2,55 1,72 0,00 0,00 0,42 0,00 0,54 
dark crystalline rock 0,97 1,27 0,00 1,62 0,54 4,31 0,57 1,50 1,42 0,84 0,00 1,62 
red crystalline rock 0,00 0,00 0,36 0,00 0,00 1, 12 0,15 0,75 1,55 0,42 1,42 0,86 
green crystalline rock 0,20 0,00 0,00 0,00 0,00 0,96 0,00 0,00 0,29 0,42 0,00 0,00 
biogenic matter 0,37 46,14 37,58 51,79 31,59 42,97 48,09 53,50 8,72 51,52 43,00 40,47 
23059 1/2 >125 µm depth, cm 
rocks 0,5• 2,5• s,s• 20,0 8,5• 16,5' 19,0' 24,s• 28,5' 29,5' 
40,0 35,0' 50,0 70,0 80,0 90,0 
quartz 1,34 0,17 0,62 2,72 0,50 12,59 8,00 41,30 
38,00 51,75 43,19 33,67 25,66 31,02 36,65 34,13 
feldspar 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
mica 0,00 0,00 0,00 0,00 0,00 0,19 0,00 0,00 0,33 0,00 
0,00 0,00 0,17 0,00 0,00 0,14 
mafic minerals 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 
sandstone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 
dark siltstone 0,50 0,33 0,00 0,39 0,17 6,85 5,17 1,21 1,67 1,85 2,
45 0,00 6,54 8,31 3,49 3,91 
light siltstone 0,00 0,00 0,00 0,31 0,00 1,30 OM 0,40 0,00 0,21 2,84 0,00 1,82 1,77 0,00 1,82
 
red siltstone 0,00 0,00 0,00 0,00 0,00 1,48 0,67 0,00 0,00 0,62 0,85 
0,00 0,91 0,44 0,00 0,91 
spirulitic chert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,
00 0,00 0,00 0,00 0,00 
other chert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,33 0,00 1
,14 0,00 0,00 0,00 0,00 0,00 
fossiliferous limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,0
0 0,00 0,00 0,00 0,00 
light limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,41 0,00 0,00 0,0
0 0,00 0,00 0,00 
dark limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,27 
chalk 0,00 0,00 0,00 0,00 0,00 0,19 0,00 0,00 0,00 1,64 1,42 0,00 0,91 
0,44 0,00 1,05 
coal 0,00 0,00 0,00 0,00 0,00 0,00 0,33 0,00 0,00 0,00 0,00 0,00 0,00 0
,34 0,00 0,14 
quartzite 0,83 0,00 0,47 0,31 0,33 5,00 5,33 2,43 2,00 9,45 5,79 1,67 7,45 5,75 3,49 
11,96 
mica schist 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,29 0,00 0,00 
0,44 0,00 0,91 
phyllite 0,00 0,00 0,00 0,00 0,00 0,00 0,17 0,00 0,00 0,00 0,74 0,00 0,91 0,17 0,00 
1,05 
crystalline schist 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 
light crystalline rock 0,00 0,17 0,00 0,00 0,00 0,37 0,17 0,40 0,33 0,41 1,31 0,00 1,82 1,94 2,33 
3,00 
darl< crystalline rock 0,17 0,00 0,00 0,33 0,00 0,93 0,67 0,40 0,00 1,23 1,88 0,00 4,88 3,61 10,47 5,59 
red crystalline rock 0,00 0,00 0,00 0,00 0,00 0,56 1,00 0,81 0,33 1,23 0,85 0,00 1,99 0,78 1,17 0,27 
green crystalline rock 0,00 0,00 0,00 0,00 0,00 0,00 0,50 0,00 0,33 0,82 0,00 0,00 0,00 0,00 0,00 0,00 
biogenic matter 97,16 99,34 98,91 95,55 99,00 70,56 77,17 53,04 56,67 30,39 37,78 64,67 46,50 44,20 42,17 34,87 
23059 5/6 > 125 µ.m 
depth,cm 
rocks 140 ISO 160 174 190 196 212 220 228 238 249 257 270 280 290 301 310 364 390 
qwrtz 33,50 33,94 25,52 6,92 25,36 12,89 2,37 34,55 58,78 27,09 8,46 40,50 41,72 55,00 20,26 39,33 48,82 5,47 25.55 
mica 0,00 0,00 0,00 0,00 0,34 0,00 0,00 0,32 0,26 0,00 0,17 0,97 0,00 1, 18 0,00 1,30 0,57 0,15 0,62 
mafic minerals 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
dark siltstone 5,40 5,12 8,72 4,46 6,42 6,00 1.23 10,60 6,44 16,64 25,06 18,29 26,19 ;1,53 21,07 8,85 9,52 4,16 9,77 
light siltstone 6,29 3.55 1,84 1,49 3.22 1,49 0,68 7,14 5.93 10,82 24,39 12,76 18,75 2,10 9,72 19,58 10,02 1,29 10,45 
red siltstone 2,10 0,86 0,00 0,50 0,18 0,66 0,00 1,39 1,;; 1,54 2,25 1,80 5,18 1,67 0,74 1,31 2,11 0,29 1,21 
spiculitic d1ert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
other d1ert 0,00 0,00 0,00 0,00 0,00 0,22 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,59 0,00 0,00 0,00 0,00 0,00 
fossiliferous limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
ligh1 limes1one 0,26 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
dark li,nesronc.> 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
chalk 0,79 1,22 0,17 0,00 0,18 0,22 0,00 0,56 0,78 0,00 0,00 0,00 0,94 0,59 1,11 0,00 0,27 0,00 0,52 
coal 0,00 0,71 0,92 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,16 
quartzite 1,57 1,07 0,92 0,00 0,00 0,88 0,14 1,95 3.01 3,8; 0,17 3,60 0,81 4, 12 1,42 1,91 5,02 0,29 3,55 
n1ir'a schist 0,42 0,00 0,92 0,50 0,00 0,00 0,00 0,00 0,26 0,26 0,00 0,40 0,16 2,36 0,37 0,67 0,00 0,00 0,00 
phyllite 0,95 0,36 0,00 0,99 0,18 0,00 0,00 0,14 0,26 0,00 0,00 0,20 0,00 0,59 0,37 0,34 0,27 0,00 0,18 
cryst.111ine schist 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
light crystalline rock 1,73 2,79 0,92 0,99 0,36 0,66 0,00 1,39 0,52 1,54 0,21 1,00 2,20 4,45 2,21 5,71 2,63 1,15 1,39 
dark crys1:111ine rock 1,31 5,83 3,21 0,50 0,51 1,22 0,14 1,61 l,06 1,03 0,00 0,60 1,26 3,86 0,00 6,72 3,73 0,43 2,37 
red cryst111ine rock 1,99 2,63 0,00 0,00 0,17 0,22 0,17 1,05 0,00 1,33 0,42 0,60 0,00 0,92 1,26 1,03 1,98 0,15 0,72 
green crystalline rock 1,05 0,36 0,46 0,00 0,00 0,00 0,00 0,14 0,00 0,26 0,00 0,40 0,00 0,00 0,74 0,53 0,14 0,00 0,72 
biogenic malter 42,45 41,98 56,50 83,68 63,73 75,94 96,50 39,05 18,59 34,30 40,04 18,57 4,56 19,00 11,46 12,65 15,10 87,00 43,37 
23062 1/2 >125 µ.m depth, cm 
rocks 0,5• 3,5' 6,5• 9,5• 12,s• 1s,o• 17,5' 21,0• 24,o• 28,0• 30,5' 33,0
' 36,o• 39,5' 80,0 
quartz 0,17 1,00 0,90 0,83 1,83 12,65 
17,40 26,74 65,33 54,00 55,46 60,00 31,66 43,17 41,94 
feldspar 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
mica 0,00 0,00 0,00 0,00 0,00 0,00 0,0
0 0,00 0,00 0,00 0,18 0,00 0,00 0,00 0,00 
mafic minerals 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 
sandstone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 
dark siltstone 0,00 0,17 0,00 0,33 0,33 2,53 5,07 6,42 2,25 
1,83 3,04 2,83 2,11 9,00 2,65 
light siltstone 0,00 0,00 0,00 0,00 0,00 0,51 0,68 1,74 
1,44 0,33 0,72 1,17 2,11 2,33 1,32 
red siltstone 0,00 0,00 0,00 0,00 0,00 0,00 0,17 0,0
0 0,16 0,00 0,36 0,50 0,00 1,50 0,22 
spiculitic chert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 
other chert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,18 0,00 0,00 0,00 0,22 
fossiliferous limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,17 0,00 
light limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
 0,00 0,00 0,00 0,00 0,00 
dark limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,17 0,32 
0,17 0,00 0,17 0,00 0,00 0,00 
chalk 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0
,16 1,00 0,36 1,50 0,53 0,00 0,00 
coal 0,00 0,00 0,00 0,00 0,00 0,00 0,17 0,00 0.16 
0,00 0,18 0,17 0,26 0,00 0,22 
quartzite 0,33 0,33 0,18 0,17 0,67 3,20 5,24 8,33 8,51 8
,83 5,55 10,83 5,01 18,67 6,62 
mica schist 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,17 0,00 0,17 0,00 
phyllite 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,22 
crystalline schist 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
 0,00 0,00 0,00 0,00 
light crystalline rock 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,83 0,72 
1,00 0,26 0,33 1,32 
dark crystalline rock 0,33 0,00 0,00 0,00 0,33 0,34 0,34 0,17 0,64 1,00 3,o4 2,50 
2,37 2,67 2,43 
red crystalline rock 0,00 0,00 0,00 0,00 0,17 0,17 0,68 0,87 0,32 0,67 0,72 1,33 
1,32 3,50 0,66 
green crystalline rock 0,00 0,00 0,00 0,00 0,00 0,00 0,17 0,52 0,32 0,00 0,36 
0,67 0,53 0,50 0,00 
biogenic matter 99,17 98,49 98,92 98,67 96,67 80,61 70,10 55,03 20,06 31,33 29,16 1
7,17 53,83 18,00 42,16 
23062 5/6 > 125 µ.m 
rocks 140 ISO 160 177 190 202 210 220 230 
depth,cm 
240 250 260 268 295 304 316 328 337 344 J6S 
quaI1Z 35,99 34,19 30,75 27,04 4,56 9,40 4,48 4,79 0,00 41,74 23,64 21,52 68,00 24,07 13,26 22,23 22,72 61,14 66,24 40,06 
mica 0,57 0,00 0,31 0,00 0,00 0,00 0,17 0,00 0,00 0, 16 0,00 0,00 0, 17 0,00 0,00 0,17 0, 16 0,52 0,00 0,15 
mafic minerals 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,23 0.00 0,00 0,00 0,00 0,00 0,00 0,00 
dark siltstone 11,02 IS,43 8,3; 2,52 7,97 7,17 J, 14 0,53 0,00 9,60 38,50 42,96 3, 14 21,02 45,00 18,80 30,30 13,14 2,90 6,12 
light siltstone 9,18 10,81 2,91 2,30 4,88 2,71 2,35 1,15 0,00 7,00 21,64 23,63 10,25 8,28 24,94 6,30 12,91 7,40 0,82 1,47 
red siltstone 2,24 4,06 I, 13 0,91 0,65 0,54 0,13 0,24 0,00 0,80 1,29 2,85 5,95 0,77 7,59 1,67 2,40 3,91 1,27 0,60 
spiculilic chert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
other chert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
fossiliferous limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 
light limestone 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
d:uk limestone 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
ch:dk 0,00 0,00 O,H 0,00 0,00 0,00 0,00 0,08 0,00 0,00 0,22 0,47 0,00 0,90 0,17 0,44 0,00 0,00 0,67 1,49 
Ct.1.li 0,17 O,lb 0,31 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 4,08 0,16 0,00 0,22 0,00 0,00 0,33 0,16 
qu:1rtzite 2,38 2,25 3.80 0,75 0,57 0,40 0,00 0.5) 0,00 2,70 2,79 3,90 3,23 6,43 ),83 4,89 7,62 3,80 16,SJ 22,71 
miClschist 0,24 0,00 0,27 0,00 0,00 0,00 0,00 0,00 0,00 0,16 0,75 0,00 0,00 0,)9 0,00 0,11 0,20 0,17 o,67 2,10 
phyllite 1,00 0,77 0,16 0,00 0,00 0,00 0,00 0,00 0,00 0,80 0,11 0,00 2,15 0, 13 0,17 0,22 0,00 2,50 0,34 1,19 
crystalline schist 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,33 0,00 
light crystalline rock 2,98 0,97 !,JS 0,00 0,08 0,27 0,00 0,08 0,00 0,48 0,70 1,08 0,75 1,38 2,54 0,54 0,00 4,64 1,27 2,39 
dark crys1alline rock 3,83 3, 13 2,93 0,46 0,00 0,27 0,00 0,17 0,00 0,80 0,54 I, 17 1,16 1, 12 1,01 !,JS 0,72 1,61 2,38 3,73 
red crystalline rock 0,64 1,35 0,74 0,00 0,00 0,00 0,00 0,00 0,00 0,80 0,22 0,98 0,42 0,61 0,00 1,07 0,20 0,30 0,34 0,91 
green crystalline rock 0,24 0,00 0,00 0,00 0,08 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,00 1,06 0,00 0,00 
biogenic matter 29,55 27,32 46,BO 65,76 81,92 78,94 90,17 9),00 100,00 34,99 5,22 0,52 0,00 34,50 0,82 42,78 22,Jl 0,35 4,79 16,61 
depth,cm 
rocks 369 380 390 410 424 4)0 HO 450 460 470
 480 490 
quar!Z 65,50 17,97 11,77 10,75 20.33 27,76 2:\.05 14,68 4,97 
8,97 4,60 7,91 
nlica 0,23 0,00 0,00 0,00 0,00 0,00 0.00 0
,00 0,00 0, 18 0,00 0,00 
mafic minerals 0,17 0,00 0,00 0,18 0,00 0,00 1..\5 0,17 0,00 0,00 
0,00 0,00 
s:mdstone 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0
,00 0,00 0,00 
d:1rk siltstone 3,07 1,57 5,92 28,5J {\, 48 :,2. 70 :\"" . .!."\ 3.38 1, 75 4,60 2,;1 5.84 
light silts1one 3,86 1,89 ;, 12 38,05 17,24 2i.06 2:,.60 t,69 0,53 1,77 1, 16 
3,08 
red siltstone 6,72 0,52 1,04 8,41 6.6; 1,98 2J6 0,68 0,27 1,07 0,78 
1,22 
spi<:uliric cherl 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 
0,00 0,00 
other chert 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 
0,00 0,00 
t(issilikrous limestone 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0.00 0,00 0.00 
light limestone 0,00 0.00 0,00 0,00 0,00 0.00 (l.00 0,00 0.00 0,00 0,00 0.00 
cbrk li,nrstone 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0.00 0,00 0,00 
chalk 0,79 0,18 0.37 0,33 0,12 0.20 0.1 ... 0,5 I 
0 'J"'f 
... ! 0.53 0,17 0,00 
cu:il 0,40 D.iO 0,00 0,09 0,00 0,00 0.00 0.00 0,00 0, 17 0,00 
0,00 
qu:utzitt' 10.31 12,78 10,07 5,26 6.(H 10.;5 11.-17 6,08 J, 17 2,L' 0,63 2,29 
rnir:1 schist 0,17 0,35 0,00 0,00 0,00 0.00 0.00 0,00 0,00 0, 18 0,00 0.00 
phyllite 1,68 0, 18 0,13 0.35 0,00 0.17 0.17 OJ4 0,13 0,00 0,09 0,00 
rrysulline schist 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 
light cryst:1llinr rock 1,79 0,87 1,29 3,24 ;1.24 0,00 0.8·1 0,68 0,53 0,17 0,00 0,20 
dark crystalline rock 3,52 1,34 2,90 4,72 l,79 0.17 0.00 1.35 o,;3 0,88 0,00 0,20 
red crystalline rock 0,6i 0,18 0,37 0,76 0,36 0,00 0,00 0,17 0,00 0,36 0,09 0,10 
green crystalline rock 0,00 0,52 0,37 0,00 0,00 0,00 0,00 0,17 0,00 0,00 0,00 0,00 
biogenic 1n.11ter 1,53 61,88 61,48 0,00 0,17 0,17 0,34 71,SO 87,58 79,30 90,46 80,00 
23065 1/2 >125 µm 
depth, cm 
rocks o,s• 22,0 6,5• 17,5' 20,5' 23,5' 26,5' 29,5' 32,5' 36,5' 39,5' 59,0 77,0 
quartz 0,17 1,39 0,00 22,26 10,77 25,00 48,01 61,45 34,38 37,24 14,32 58,50 61,03 
feldspar 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
mica 0,00 0,00 0,00 0,19 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,35 0,00 
maf!C minerals 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,17 0,32 
sandstone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
dark siltstone 0,00 0,00 0,00 2,45 5,80 10,00 7,25 1,20 0,29 1,03 1,21 3,41 4,55 
light siltstone 0,00 0,17 0,00 1,32 1,04 2,83 0,91 0,60 0,00 0,34 0,49 2,86 3,06 
red siltstone 0,00 0,00 0,00 0,19 0,62 1,33 0,00 0,40 0,00 0,69 0,24 1,27 0,00 
spiculit.ic chen 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
other chert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
fossiliferous limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
light limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,17 0,24 0,00 0,00 
dark limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
chalk 0,00 0,00 0,00 0,00 0,00 0,00 0,18 1,20 0,00 0,69 0,00 1,06 4,08 
roal 0,00 0,00 0,00 0,00 0,00 0,00 0,18 0,20 0,00 0,17 0,00 0,62 1,18 
quartzite 0,00 0,00 0,00 5,85 5,38 13,83 9,78 8,43 4,87 16,21 10,19 7,75 10,52 
mica schist 0,00 0,00 0,00 0,00 0,00 0,17 0,00 0,00 0,00 0,17 0,00 1,06 1,02 
phyllite 0,00 0,00 0,00 0,00 0,00 0,50 0,00 0,00 0,00 0,17 0,00 0,28 0,00 
crystalline schist 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
light crystalline rock 0,00 0,00 0,00 0,00 0,83 1,33 1,09 0,60 0,00 0,52 0,73 2,11 1,02 
dark crystalline rock 0,00 0,00 0,00 0,94 0,41 2,33 0,72 0,60 1,43 2,24 2,91 3,88 2,20 
red crystalline rock 0,00 0,00 0,00 1,89 0,62 1,50 1,81 1,41 0,86 1,55 2,91 2,04 1,02 
green crystalline rock 0,00 0,00 0,00 0,19 0,00 0,67 0,18 0,40 0,00 0,69 0,49 0,24 0,00 
biogenic matter 99,83 98,45 100,00 64,72 74,53 40,50 29,89 23,49 58,17 38,10 66,26 15,44 10,58 




mafic minerals 0,00 
cbrk siltstone 5,21 
ligh1 siltstone 6,25 
red sillstone 3,63 
spiculitic chert 0,00 
01her chert 0,00 
fossiliferous limestone 0,00 
liP,ht limesrone 0,00 




mir:i schist 0,00 
phyllire 0,00 
crysr::illine schi<it 0,00 
light crystalline rock 1,74 
d:trk crystalline rock S,36 
red crystalline rock 1,39 
green crystalline rock 0,35 








































































"' {5 (,;, 
\_ 
190 200 209 
12,81 24,00 7,11 
0,17 0,00 0,00 
0,00 0,23 0,00 
11,46 2.72 4,25 
4,32 1.59 2,L, 
1,66 0.45 0.2,1 
0,00 0,00 0,00 
0,00 0,00 0.00 
0,00 0,00 0,00 
0,00 0,00 0,00 
0,00 0,00 0,00 
0.67 0,00 O,f1 
0.00 0.00 0,00 
0,00 0,00 0.2,1 
0,50 0,00 0.·1-:-
0.00 0,4; 0.00 
0,00 0,00 0,00 
1,17 IJ6 0,00 
2,83 l,86 1,18 
0,33 0,73 0,24 
0,00 0,23 0,24 
63,77 67,00 85,00 
f ii r 
4. 
,~ 





218 229 241 248 256 273 281 292 299 311 320 332 342 
5,09 0,50 27,50 3,59 48,50 39,25 66,78 67,97 34,88 44,05 26,95 15,50 70,40 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 ,n ....... 0,16 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
2,0:; 0,00 0,00 0,32 4,03 :H.oo 0,00 0,58 3,22 30.76 21,50 15,50 5,02 
0.16 0,00 0,00 0,16 2,42 15,00 0,98 2,30 6,44 1s.:11 8,95 10,80 6,99 
0.00 0,00 0,00 0,00 l,62 1,50 1,63 4,03 0,95 2.86 0,22 1,27 2,19 
0,00 0,00 0,00 0,00 0,00 0,00 4,22 2,30 0,00 0,00 0,00 0,00 0,00 
0.00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 
0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 
0.00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0.00 0,00 0,00 0,00 0, 15 0,00 0,00 2,28 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 8,44 5,75 0,00 0,51 0,00 0,00 5,02 
0.16 0,00 0,50 0,32 0,81 1, 11 0,65 2,30 2,46 O,}i 0,45 3,18 1,09 
0,00 0,00 0,00 0,00 0,81 0,i6 0,00 0,00 0,19 0.17 0,15 0,32 0,22 
0,16 0,00 0,00 0,00 0,00 0, 15 1,63 0,58 l,52 0.17 0,45 0,00 0,22 
0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,16 0,00 o,;o 0,16 4,84 2,94 1,63 2,88 I, 14 0,)4 0,89 1,11 2,19 
1,29 0,00 1,00 0,64 5,65 4,98 9,02 10,20 1,64 3,68 2,28 1,91 2,90 
0,16 0,00 0,50 0,00 3,23 0,76 2,45 1, 15 1,83 1,51 1,61 3,36 2,03 
0,00 0,00 0,17 0,00 0,00 0,1; 2,60 0,00 0,00 0,34 0,67 0,95 1,75 
92,00 99,50 69,84 95,00 27,84 0,00 0,00 0,00 3,79 0,00 33,72 45,Q9 0,00 
depth.cm 
rocks 349 363 370 381 390 39; 40
; 420 430 437 452 4;8 470 480 490 500 SID 
qual1Z 76,59 4s,;; 65,00 38,50 47,50 35,06 9,0J 41,71 44,55
 47,93 58,22 51.44 9,70 2,86 2,64 2, 15 13, 12 
feldspar 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
mia 0,00 0,00 1,00 0,00 0,50 0,17 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,15 0,00 0,16 
m.1fic minerals 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0.00 0.00 0,00 0,00 0,00 0,00 
0,00 
sandstone 0,00 0,00 0,00 0,00 0.00 0,00 0.00 
0,00 0,00 0,00 0,00 0.00 0.00 0,00 0,00 0,00 0,00
 
dark siltstone .?,68 ; . .:?; 1,82 0,00 10.19 20,;4 7.80 7,23 
17,50 16,74 16,26 20.67 •l,30 1,39 1,50 1,81 3,2; 
light siltstone 1,83 ;\3:iO 2.88 0,00 7,48 9,44 5.28 2,89 
19,50 21,83 16,40 1).94 0,00 0,28 0,60 0,49 4,56 
red silt~tone 0,85 0.(18 0, 15 0,00 0,53 J,54 0,00 :l,37 
5,7) ,J,2'.! 2,85 1," I 0,92 0,00 0,00 0,00 OJJ 
spiculitic chert 0,00 0.00 0,00 0,00 0,00 0,00 0,0
0 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 
other chert 0,00 0.00 0,00 0,00 0,00 0,34
 0,00 0,00 0,00 0.00 0,00 0.00 0,00 0,00 0
,00 0,00 0,00 
fo:isi!iferous limestone 0,00 0,00 0,00 0,00 0.00 0,00 
0.00 0,00 0,00 0,00 0,00 0.00 0.00 0,00 0,00 
0,00 0,00 
light limestone 0,00 0,00 0,00 0,00 0.00 0,00 
0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0.00 
tbrk limestone 0,00 0,00 0,00 0,00 0,00 0,00 
0.00 0,00 0.00 0.00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 
chalk 0,00 0,00 0,29 0,00 0,26 0,}l 0.00 0,00 
0,00 0,00 0,00 O.Hi 0,00 0,00 0.00 0,00 0.16 
=I 0,il 0.00 0.00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0.00 0.00 0,00 0.00 
0,00 0,00 0,00 
qu:irtzite 2,68 2.72 \I.J) l.67 J,67 1,69 1.61 2,.11 
1,22 0.34 0,19 I. 91 1.5·1 0,00 0,00 0,17 2,60 
mica schist 0,28 0,)4 1J2 0,00 0,53 0,17 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,16 
phyllite 0,65 0,00 0,00 o.;o 0,00 0,00 0.46 0,00 0,00
 0,00 0,00 0.00 0,00 0,14 0,00 0,00 0,00 
crysr:11\ine schist 0,00 0,00 0,00 0,67 0,26 0,00 0,00 
0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 
0,00 
H8ht oystalllne rock 1,97 2,21 2,93 4,67 3.41 2,20 2,11 
4,81 5,03 1,70 4,57 5.91 1,84 0,42 0,15 0, 17 
0,98 
dJrk crystalline rock 1,69 3,55 J,87 4,00 0,76 2.35 1,38 
1,46 4,99 5,91 0,76 0,91 1,23 0,00 0,15 
0,00 0,98 
red crystilline rock 1,55 2,53 2,;s 3,17 2,10 0,84 0,46 0,50
 1,70 1,01 0,00 0,61 0,62 0,00 0,30 0,00 0,65 
green crystalline rock 0,85 o,;o 0,73 0,67 0,53 0,34 1,38 0,48 0,18 0,3
4 0,57 0,31 1,23 0,00 0,15 0,00 0,33 
biogenic matter 7,50 0,50 12,20 45,84 21,88 23,51 70,00 35,16 
0,35 0,00 0,19 0,15 78,00 94,50 95,00 96,00 73,50 
23071 1/2 > 125 µm depth, cm 
rocks 0,5* 3,5' 9,5* 12,5' 15,5* 18,0* 21,0• 23,5'
 26,5' 32,5* 35,5' 38,5' 41,5' 55,0 63,0 70,0 80,0 89,0 
94,0 
quanz 4,12 1,68 1,43 2,39 3,95 34,39 17
,22 3,33 5,67 6,54 2,33 5,00 15,51 61,66 73,65 48,02 
60,61 41,74 64,22 
feldspar 0,00 0,00 0,00 0,00 0,00 0,00 0
,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,
00 0,00 0,00 
mica 0,00 0,56 0,00 0,00 0,30 0,00 0
,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,69 0,0
0 0,15 0,29 
mafic minerals 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 
sandstone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 
dark siltstone 0,00 0,00 0,24 0,00 0,00 0,00 0,00 0,00 0,0
0 0,00 0,00 0,00 0,00 4,29 5,15 8,70 11,91 34,81 5,55 
light siltstone 0,17 0,00 0,00 0,00 0,00 0,00 0,66 0,00 
0,00 0,00 0,00 0,00 0,00 5,75 0,74 10,08 1,32 12,10 2,45 
red siltstone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 1,47 0,00 0,16 2,21 0,54 
spiculitic chert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
otherchen 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
fossiliferous limestone 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
light limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
dark limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
chalk 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 1,43 1,47 0,00 0,00 0,30 1,34 
coal 0,00 0,00 0,00 0,00 0,00 0,32 0,33 0,00 0,33 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,16 0,00 0,15 
quartzite 0,34 0,00 0,24 0,00 0,91 0,64 0,00 0,00 0,00 
0,00 0,00 0,00 0,66 14,62 5,88 8,93 12,30 4,57 13,92 
mica schist 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 1,43 0,00 0,00 0,00 0,00 0,00 
phylllte 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 1,43 0,00 12,85 0,31 0,15 0,54 
crystalline schist 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,
00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
light crystalline rock 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,33 
0,00 0,33 0,00 2,21 0,35 0,00 0,74 0,40 
dark crystalline rock 0,17 0,00 0,00 0,00 0,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,33 
1,00 1,63 0,69 0,00 0,15 0,40 
red crystalline rock 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,6
6 0,00 0,00 1,79 2,79 0,30 1,99 
green crystalline rock 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,33 
1,43 0,00 0,00 0,00 0,00 0,00 
biogenic matter 95,19 97,76 98,10 97,61 94,53 64,33 81,79 96,67 94,00 93,46 97,33 95,00 82,1
8 6,98 7,81 7,93 10,46 2,80 8,25 
depth, cm 
rocks 101,00 106,00 113,00 121,00 130,00 140,00 151,00 160,00 170,00 180,00 184,00 193,00 210,00 221,00 230,00 240,00 251,00 260,00 270,00 
quanz 48,10 68,15 69,64 64,22 55,20 47,60 58,62 30,61 29,97 46,09 54,70 33,25 51,93 47,80 33,51 
28,08 55,07 64,71 65,18 
feldspar 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 
mica 0,00 0,48 0,31 0,00 0,32 0,00 0,00 0,45 0,00 0,51 0,31 0,49 
0,00 0,00 0,00 0,34 1,05 0,00 0,00 
mafic minerals 0,16 0,16 0,31 0,17 0,43 0,00 0,00 0,00 0,17 0,00 0,47 0,00 0,31 
0,17 0,00 0,00 0,00 0,15 0,00 
sandstone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 
dark siltstone 25,92 3,99 2,57 1,89 3,58 4,04 2,79 4,99 8,32 7,70 7,38 8,55 5,98 5,27 
4,69 7,18 7,69 4,44 3,62 
light siltstone 15,43 2,44 1,42 1,89 2,61 2,43 1,25 2,98 2,08 0,99 2,07 1,59 2,18 3,95 
2,18 3,23 9,81 2,31 3,62 
red siltstone 2,22 0,42 0,31 0,95 1,60 0,60 0,94 1,97 0,70 1,24 1,47 2,31 
0,15 0,00 0,00 1,91 1,36 0,30 0,85 
spiculitic chert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 
other chen 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 
fossiliferous limestone 0,91 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 
light limestone 0,00 0,00 0,00 0,00 0,00 0,90 0,00 0,00 0,00 0,31 0,60 0,63 0,00 
0,00 0,00 0,00 0,15 0,00 0,00 
dark limestone 0,10 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 1,32 0,00 0,00 0,46 0,00 0,00 
chalk 0,30 0,00 1,31 0,47 0,43 0,60 2,19 1,01 1,21 2,33 2,81 1,96 
1,45 0,00 0,00 0,94 2,12 1,55 1,39 
coal 0,00 1,21 0,00 0,35 0,00 0,00 0,00 0,28 0,00 0,00 0,47 0,17 0,61 
0,00 0,17 0,00 0,30 0,44 1,00 
quanzite 3,56 9,20 13,21 9,31 12,87 11,17 7,15 13,74 11,10 16,24 12,68 14,27 
14,26 13,68 17,91 10,27 11,78 10,60 10,63 
mica schist 0,10 1,42 0,98 0,95 0,86 0,00 1,88 0,73 2,09 0,62 0,74 0,38 0,73 
0,00 0,00 0,38 0,00 0,00 0,00 
phyllite 0,00 0,21 0,00 0,00 0,43 0,17 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,17 0,00 0,00 0,00 0,00 0,70 
crystalline schist 0,00 0,00 0,00 0,00 0,00 0,60 0,00 0,00 0,70 0,31 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 
light crystalline rock 0,71 1,05 0,98 1,89 2,57 2,09 1,57 1,13 1,21 3,09 0,60 0,84 0,73 5,44 
0,00 0,00 0,15 3,85 2,09 
dark crystalline rock 0,71 1,05 1,46 3,18 0,86 1,84 0,47 0,73 0,52 1,41 1,62 5,00 2,90 1,66 2,35 
3,06 1,81 4,32 3,38 
red crystalline rock 0,51 2,89 2,88 2,83 2,57 3,57 2,97 1,97 2,09 1,13 1,92 1,89 2,18 2,63 
0,00 2,29 1,06 0,31 1,39 
green crystalline rock 0,20 0,21 0,00 0,47 0,00 0,30 0,00 0,17 0,35 0,31 0,30 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 
biogenic matter 1,10 7,13 4,65 11,47 15,73 24,14 20,21 39,31 39,52 17,77 11,92 28,69 
16,64 17,93 39,21 42,36 7,21 7,06 6,18 
depth, cm 
rocks 274,00 280,00 
quartz 62,98 68,54 
feldspar 0,00 0,00 
mica 0,00 0,34 
mafic minerals 0,00 0,17 
sandstone 0,00 0,00 
dark siltstone 1,32 0,80 
light siltstone 2,32 1,59 
red siltstone 0,66 1,59 
spiculitic chert 0,00 0,00 
other chert 0,00 0,00 
fossiliferous limestone 0,00 0,00 
light limestone 0,00 0,00 
dark limestone 0,66 2,38 
chalk 0,00 0,00 
coal 0,51 0,17 
quartzite 8,07 10,83 
mica schist 0,00 0,00 
phyllite 0,34 0,00 
crystalline schist 0,00 0,00 
light crystalline rock 1,98 0,00 
dark crystalline rock 3,63 3, 18 
red crystalline rock 0,83 0,80 
green crystalline rock 0,00 0,17 
biogenic matter 16,74 9,46 
23071 5/6 > 125 JLffi 
depth.cm 
rocks 490 499 510 520 530 536 544 558 567 575 584 596 604 610 
620 634 644 654 660 670 
quartz 26,J 1 28,20 14,59 17,82 J0,61 20,68 12,17 27,48 34,28 )0,80 21,15 18,35 22,44 33,66 
9,55 0,20 1,36 !6,45 69,02 63,32 
mica 0,00 0,15 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,17 0,00 0.)0 0,16 1,91 0,30 
m::ific miner:ils 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,15 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,16 0,00 0,00 
d:trk siltstone 2,49 2,26 3,51 2,66 4,55 6,25 3,51 10,66 9.P 8,98 2,50 6,73 7, 15 J,34 
15,6) 0,10 0,15 0,32 4,01 3,72 
light siltstone 3,02 1,20 2,63 0,00 0,16 2,50 S,27 8.56 J,97 2,44 0,00 10,68 0,49 
J,34 0,00 0,00 0,00 0,16 l,48 3,87 
red siltstone l,76 0,45 0,88 0,00 0,00 0,00 0,00 0,00 0, 15 \66 0,00 2,63 
0,00 0,00 3, 13 0,00 0,00 0,6) 1,)0 1,88 
spiculitic chert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
other chert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0.00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
fossiliferous li1rn,s1onc 0,00 0.00 0,00 0,00 0,00 0,00 0.00 0,00 0.00 0,00 0.00 0,00 
0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 
light limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
d;uk limrstone 0.00 0.00 0,00 0,00 0,00 0,00 0.00 0.00 0.00 0.00 
0.00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 
ch,lk l,08 0,60 0,00 0,00 l,76 0,00 1,76 0,.15 0.00 0.00 5,00 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 o,;9 0,15 
rot! 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0.00 0,15 0,00 
0,00 0,00 0.00 0,00 0,00 0,00 0.00 0,00 0,00 0,15 
quartzite 12,89 1),54 9,65 10.32 4, 71 s.oo .\,51 '1.06 1,59 J,81 0,00 ·l,10 
13,6-i 0,16 j,30 0,00 0,00 12,50 8,8) 12,03 
mica schist 0,67 0,45 0,00 0,00 0,00 0,00 0,00 OAS 0,00 0,00 2.50 0,00 2.28 0,00 
0.00 0.00 0,00 0,00 l,i7 0,00 
phyllite 0,76 0,44 0,88 0,00 0,00 0,00 0,00 O,·lS 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,18 0,00 
Cf)'Slal!ine schist 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,80 0.00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 
light crystalline rock 2,26 l,81 7,90 2,50 0,00 1,25 0,00 0,90 0,00 1,22 0,00 1,32 
4,55 0,00 0,00 0,00 0,00 0,00 2,36 2,86 
dMk crystalline rock 2,26 2,86 1,76 2,50 0,00 0,00 l,76 0,00 l, 7) 0,00 S,00 0,00 
0,00 l,83 3. ll 0,00 0,00 0,00 1,77 0,87 
red crystalline rock 1,26 2,26 0,88 0,00 0,88 0,00 0,00 0,00 0,00 0,15 0,00 
0,00 0,00 1,83 3,13 0,00 0,00 0,00 4,36 J,31 
green crystalline rock 0,25 0,15 0,00 0,00 0,00 1,25 0,00 0,00 0,80 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
biogenic matter 45,03 45,66 57,03 64,21 57,35 63,07 72,05 47,00 47,40 48,81 6),86 56,21 49,47 55,87 
61,99 49,70 48,19 69,64 0,48 7,57 
depth,cm 
rocks 680 690 694 701 710 722 730 738 743 748 756 
763 
qu:utz 73,06 71,36 42,69 77,81 67,48 36,80 68,06 6;,s2 63, 19 62,97 
60,65 39,64 
,nic:i 0,29 0,42 0,15 0,80 0,33 0,74 0,15 0,00 0,57 
0,40 0,00 0,00 
1nafic minel'31s 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 
d:vk siltstone 2,93 5,56 45,61 2,64 2,il .17,48 2.16 2.83 10.94 15,14 17,97 
254 
light siltstone 2,94 0,42 8,20 o,;o 4.26 11,76 o.:;s 9,59 10.45 7,26 7,70 4,'19 
rrd siltstone 0,59 0,14 0,49 0,00 0,00 0,97 0,00 2,19 ;,06 0,97 
2,58 2,03 
spin1litic chert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0
,00 0,00 
01her d1er1 0,00 0,00 0.00 0,00 0.00 0,00 OOO 0,00 0,00 0,0
0 0,00 0,00 
fossiliferous linJCstonc 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0.00 0,00 0,00 
0,00 
light limestone 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 
0,00 0,00 
cbrk linlt'stone 0,00 0,00 0,15 0,32 0,17 o.oo 0,1') 0,15 0.00 0,00 0,00 0,00 
du!k 0,00 0,00 0,48 1,98 6.14 0,17 0.86 1.89 0.62 0.13 o,;3 1,02 
rnil 0,29 0.28 0.00 0,00 0.00 0,15 0.29 ·l,08 0.00 0,00 0,37 
0.00 
(jlJJrtZite 10,88 16,'lO 1,62 11,53 7,89 -l.80 (1,90 OJ I 6,'16 8,.18 6,41 10,75 
mk-Jsd1ist 0,00 0,14 0,16 0.99 0,00 0,17 0,29 0,95 0,00 0,42 0,00 0.26 
phyllite 0,00 0,00 0,00 0,99 0,00 0,00 0,1; 0,00 0,00 0,00 0,00 0,00 
crystalline schi.st 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
light crystalline rock 1,77 0,28 0,33 o,;o 0,95 1,01 1,73 0,00 0,00 0,42 1,82 0,51 
cbrk crystalline rock 0,59 5,00 0,00 0,00 0,32 1,01 1,01 ;,4; 1,24 I.SI 1,66 0, 76 
red c~t111ine rock 1,77 0,00 0,00 1,15 1,43 0,34 2,30 5,66 0,62 0,42 0,16 1,4•1 
green crystalline rock 0,00 0,00 0,00 0,00 0,00 0,00 0,58 0,00 0,00 0,00 0,00 0,00 
biogenic m.1tter 4,92 0,00 0,15 0,82 8,37 1,62 14,84 1,10 0,88 1,68 0,19 36,58 
23342 1/2 >125 µ,m 
depth, cm 
rocks 0,0* 3,0* 6,o• 9,0* 12,0* 15,0* 18,0' 8,0 21,0* 25,0 30,0' 45,0 55,0 75,0 85,0 95,0 105,0 
quanz 3,40 8,57 5,24 7,03 12,14 0,00 7,67 0,75 27,58 33,33 39,68 63,00 41,22 26,21 43,99 52,00 57,50 
feldspar 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
mica 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,16 1, 15 0,17 
mafic minerals 0,19 0,00 0,16 0,00 0,00 0,00 0,00 0,00 0,51 0,63 0,00 0,00 0,51 0,00 0,00 0,00 0,17 
sandstone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
dark siltstone 9,45 17,10 15,56 23,38 20,68 2,83 6,67 8,13 18,10 21,34 13,83 3,45 7,59 9,38 7,53 4,57 1,41 
light siltstone 3,78 3,56 4,29 4,82 6,22 0,00 2,50 4,41 4,06 7,36 2,04 2,22 4,09 1,02 4,31 2,00 1,41 
red siltstone 0,57 1,08 0,63 0,37 0,20 0,00 0,50 0,58 1,52 3,96 0,45 0,31 1,30 2,19 0,00 1,00 3,09 
spiculitic chert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
other chert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
fossiliferous limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
light limestone -0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
dark limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
chalk 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,15 0,19 2,04 0,00 0,15 0,00 
coal 0,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,34 0,56 0,00 0,00 0,00 0,00 0,00 0,15 0,62 
quartzite 0,00 0,68 1, 75 0,54 1,44 0,17 1,50 0,34 4,23 2,41 5,44 11,43 3,53 8,77 0,79 9,15 7,58 
mica schist 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,77 0,37 0,51 0,00 0,00 0,62 
phyllite 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,17 0,00 0,00 0,15 0,00 0,00 0,00 2,00 0,62 
crystalline schist 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
light crystalline rock 0,38 0,00 0,32 0,20 0,00 0,17 0,00 0,17 0,85 0,56 0,45 3,02 2,05 3,06 0,86 1,50 2,19 
dark crystalline rock 0,38 0,00 0,79 0,37 0,00 0,00 0,16 0,85 0,68 5,57 1,36 3,75 0,73 1,17 3,45 4,29 2,64 
red crystalline rock 0,00 0,37 0,48 0,20 0,36 0,17 0,16 0,10 0,00 0,16 1, 13 2,31 1, 12 0,00 0,86 1,00 0,17 
green crystalline rock 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,39 0,19 0,51 0,00 0,50 0,00 
biogenic matter 81,47 68,63 70,79 63,06 58,95 96,67 80,83 84,00 41,96 24,01 35,60 8,57 37,79 46,58 37,30 20,86 23,59 
23342 5/6 > 125 µ.m 
depth,cm 
rocks 195 215 245 255 265 275 285 295 305 317 335 345 375 
385 395 405 415 435 445 455 
quartz 42,53 10,22 14,27 42,52 11,79 9,10 4,56 6,48 36,40 43,15 8,32 8,38 
14, l 4 15,90 9,90 18,21 13,99 46,84 42,00 15,80 
nliCI 0,00 0,00 0,00 0,71 0,17 0,15 0,14 0.00 0,16 0,16 0,16 0,00 
0,16 0,82 0,31 0, 15 0,50 0,69 1,15 0,30 
mafic minerals 0,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,17 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,17 0,17 0,00 
d:trk siltstone 5,24 11,41 19,81 9,31 18,29 13,15 23.7.1. 10,92 26,59 10,40 25,92 32,41 4,21 12,37 22,31 
13,78 13.86 7,08 15,15 4,03 
light siltstone 7,12 8,47 8,96 6,34 7,60 8,00 10,36 37.60 19,04 21,92 9,82 4,66 9,87 11,08 
6,77 4,21 6,87 23,05 4,52 2,66 
red siltslone 1,37 0,78 1,17 1,67 1,79 4,97 7.2<\ 0,00 3,49 1,9; 1,48 1,80 20,84 0,98 
2,56 0,66 0,66 1,71 2,65 0,00 
spiculitic chert 0,00 0,00 0,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 
01her d1ert 1,05 0,00 1,99 0,00 0,50 0,36 0,28 0.00 0,00 0,00 0,00 0,18 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 
fossiliferous limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 
light limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 
dark limestone 0,16 0,00 0,00 0,43 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0.00 0,00 0,00 0,00 
ch:~k 0,00 1,72 0,17 0,00 0, 15 0,00 0,28 0,21 0,35 0.34 0,66 0,18 0,00 0,00 0,00 
0,00 0.33 0,00 0,62 0,00 
nxll 0,16 l, 17 o,;o 0,74 0,34 0,36 OJS 0.21 0,00 0,64 0,00 0,90 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
quartzi1e 3,67 1,55 3,65 0,14 1,00 2,48 0,69 0,38 2,38 4,02 3,29 l,26 l,82 4,55 2,20 2,96 2,62 3,98 
3,15 4,03 
mica schist 0,35 0,00 0,00 3,34 0,00 0.36 0.17 0,00 0,00 0,00 0,00 0,00 0,00 0,33 0,00 0,00 0,00 0,00 
0,31 0,00 
phyllite 0,00 0,39 0,00 0,50 0,00 0,36 0,00 0,21 0,49 0, 17 0,00 0, 18 0,00 0,33 0,44 0,33 0,33 0,57 
1,87 0,81 
crystalline schist 0,18 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 
light crystalline rock 0,68 0,39 0,67 2,17 2,29 0,66 1,21 0,54 1,37 2,00 0,66 0,72 0,16 0,98 0,88 5,08 3,61 2,62 4,35 4,99 
dark crystJJline rock 2,40 1,50 1,83 4,59 3, 13 1,93 1,21 2,99 3,18 2,47 0,48 0,84 0,68 1,29 0,59 0,99 3.96 6,71 7,81 5,14 
red crystalline rock 1, 19 0,00 0,33 0,50 0,65 0,36 0,17 0,41 0,51 0,66 0,00 0,18 0,16 1,14 2.35 0,96 1,98 3,41 1,59 3,38 
green crystalline rock 1,05 0,00 0,17 0,00 0,17 0,36 0,00 0,00 0,35 1,00 0,00 0,00 0,00 0,00 0,44 0,33 0,98 1,48 0,00 0,00 
biogenic matter 33,52 62,38 46,49 27,67 51,00 56,00 47,11 40,75 5,59 10,03 49,61 48,34 49,03 49,63 51,57 51,44 49,75 1,83 14,06 58,89 
depth,cm 
rocks 465 475 485 495 505 
quartz 14,38 10,03 10,99 37,68 49,01 
miC:1 0,62 0, 17 0,66 0,16 1,79 
mafic minerals 0,00 0,00 0,00 0,00 0,00 
d:1rk siltstone 15,32 19,66 17,19 22,79 17,16 
light silts1one 8,29 10,42 5,77 11,82 8,)0 
red siltstone 4,60 2,58 1,93 1,85 2,07 
spirulitic chert 0,00 0,00 0,00 0,00 0,00 
other cher1 0,00 0,00 0.00 0,00 0,00 
fossiliferous limestone 0,00 0,00 0,00 0,00 0,00 
light limestone 0,00 0,00 0,00 0,00 0,00 
dark limestone 0,00 0,00 0,00 0,00 0.00 
chalk 0,00 0,00 0,64 0,62 0,58 
cull 0,62 0,)0 0,17 0,00 0,58 
qu:irtzite 3,07 0,90 2,25 J,09 2,91 
mica schist OJ! 0,)0 0,00 0,62 0,00 
phyl!ite 0,31 0,90 0,32 0,00 0,74 
crystalline schL'it 0,00 0,00 0,00 0,00 0.00 
light crystalline rock 2,46 3, 14 6,73 1,)9 2,23 
dJTk cryst:illine rock 2,62 2,58 4,21 5,64 4,6) 
red crystalline rock 2,15 0,93 0,64 2,79 2,56 
green crystalline rock 0,00 0,17 0,00 0,00 0.00 
biogenic matter 45,07 47,47 47,67 11,32 7,36 
23357 1/2 >125 µm depth, cm 
rocks 0,10 3,10 10,00 6,10 9,10 12,10 15,10 21,10 30,10 48,00 57,00 67,00 
76,00 85,00 90,00 100,00 
quanz 21,38 7,16 3,13 16,03 5,98 26,50 29,41 46,63 41,37 34,24 53,00 38,95 29,69 
32,86 38,99 33,65 
feldspar 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 
mica 0,33 0,00 0,00 0,20 0,00 0,00 0,00 0,00 0,00 0,10 0,00 0,51 
0,00 0,47 0,00 0,25 
mafic mineraJs 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,08 0,18 0,00 0,00 0,28 
0,51 
sandstone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 
dark siltstone 19,31 14,07 4,26 16,96 11,80 16,67 11,09 8,90 8,04 9,38 9,83 5,70 7,35 8,69 5,85 12,52 
light siltstone 5,82 3,97 2,04 7,42 3,32 2,33 5,88 1,69 1,51 8,98 2,22 1,27 2,13 3,60 2,79 5,42 
red siltstone 1,50 1,59 1,07 1,91 1,00 0,68 0,84 0,77 0,67 0,89 1,05 0,91 0,81 1,37 0,98 
1,48 
spiculitic chert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 
other chert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 
fossiliferous limestone 0,00 0,00 0,00 0,00 0,16 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
light limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
dark limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
chalk 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,01 0,57 1,15 0,91 0,81 0,30 0,14 0,08 
cool 0,00 0,00 0,00 0,00 0,00 0,16 0,17 0,77 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
quartzite 5,15 4,99 0,83 6,03 8,14 7,66 12,94 21,63 14,57 5,93 5,88 8,99 9,96 10,65 8,38 3,61 
mica schist 0,00 0,00 0,12 0,00 0,00 0,00 0,00 0,31 0,17 0,10 0,25 0,36 0,20 0,30 0,42 0,00 
phyllite 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,15 0,00 0,29 0,66 0,18 0,00 0,00 0,98 0,25 
crystalline schist 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
light ciystalline rock 0,50 0,00 1,07 0,20 0,83 0,84 0,50 0,61 0,50 0,29 0,41 0,72 1,01 1,20 1,81 0,58 
dark C[)'talline rock 1,17 0,00 1,11 0,59 1,50 0,16 2,35 2,76 2,68 1,11 1,05 3,05 2,21 3,30 3,64 1,15 
red crystalline rock 1,17 0,16 0,46 3,51 1,33 1,34 1,01 2,30 2,01 0,10 1,13 0,91 1,61 1,07 1,13 0,76 
green crystalline rock 0,00 0,00 0,12 0,40 0,00 0,16 0,34 0,15 0,17 0,10 0,00 0,00 0,20 0,00 0,14 0,17 
biogenic matter 44,18 70,10 86,17 46,76 65,94 43,50 35,46 13,04 27,30 37,58 24,27 37,77 44,11 36,30 34,71 40,43 
23357 5/6 >125 µm 
depth.cm 
rocks 115 125 135 145 155 165 175 185 195 205 215 226 235 245 255 264 275 285 295 305 
quartz 26,75 43,00 32,27 20,39 24,50 12,87 11,24 49,00 13,92 19,94 65,65 29,07 27,50 15,55 18,22 46,60 9,20 17,45 19,84 5,56 
mica 0,15 0,33 0,17 0,16 0, 17 0, 15 0,42 0,34 0,17 0,16 2,10 0,17 0,64 0,32 0,00 0,16 0,19 0,00 0,00 1,32 
mJfic minerals 0,00 0,00 0,17 0,00 0, 18 0,31 0,00 0,00 0,00 0,00 0, 14 0,00 0,00 0,00 0,00 0,64 0,00 0,00 0,00 0,00 
dark siltstone 11,34 3,29 4,23 6,16 1,23 4, 18 2,08 26,70 15, 17 31, 1 i 4,71 10,99 7,47 13,37 16, 17 24,15 12,60 13,50 12,51 9,21 
light siltstone 6,57 5,92 4,81 7,06 7,93 2,22 0,85 9.53 11, 10 12,27 6,29 11,89 12,76 17,13 I S,67 10,78 7,61 10,36 7,36 2,92 
red siltstone 0,97 2,79 1,75 2,10 0,71 0,17 0,14 0,00 1,18 1, 11 2,16 1,57 0,67 0,66 1,46 5,71 2,29 2,43 4, 12 0,00 
spiculitic chert 0,00 0,16 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
01her chert 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
fossiliferous limestone 0,00 0,16 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
tight limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
dark limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
chalk 0,00 1, 15 1,31 1,22 0,53 0,00 0,14 0,43 2,02 0.47 0,58 0,32 0,00 0,17 0, 16 0,00 0,00 0,00 0,00 0,00 
m1l 0,00 0,00 0,00 0,00 0,00 0, 17 0,00 0,17 0,00 0.00 0,00 0,00 0,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
qu:irtzite 1,98 1,65 0,90 0,30 1,)7 0,98 1,6·1 1,02 2,02 4,23 0,86 2,50 ),82 2,64 3,41 1,27 1, 15 1,77 0,4) 0,00 
mie1 schist 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
phylhte 0,17 0,00 0,00 0,00 0.00 0,15 0,16 0,)1 1,18 0,48 0,14 0, 16 0,33 0,17 0,16 0.00 0,00 0,00 0,00 0,00 
crystalline scht'it 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
light crysrnlline rock 3,07 3,95 3,94 2,86 2,12 1,12 0,70 0,60 4,69 1,89 3,42 2,03 1,50 1,64 1,96 1,27 1,57 1,42 2,00 0,44 
dark crystalline rock 4,70 2,46 2,77 ),61 4,67 7,29 4,93 1,91 3,87 J,46 4, IS 3,65 2,96 2,44 3,61 5,71 0,96 2,74 0,85 1,46 
red crystalline rock 0,50 1,98 1,33 0,30 1,59 0,50 0,14 0,72 0,34 0,00 1, 14 1,27 1,98 0,81 0,49 1,27 1,41 0,92 0,58 0,00 
green crystalline rock 0,99 0,33 0,29 0,15 0,18 0,34 0,14 0,72 0,00 0,00 1,28 0,00 1,17 0,17 0,49 0,00 0,00 0,26 0,00 0,00 
biogenic matter 43,11 32,40 46,67 55,72 54,04 69,75 78,55 8,96 45,01 24,85 6,83 37,28 38,91 45,82 39,65 1,91 61,92 49,52 52,19 78,69 
23454 1/2 >125 µ.m depth.cm 
rocks 0 5 10 15 20 25 30 35 
40 45 50 55 60 65 70 75 80 85 90 95 
quarlZ 2,07 0,49 0,78 0,25 2,58 36,55 35,70 35.71 37.36
 59,48 47,12 60,47 55.35 65,36 41,98 58,13 35,33 27,09 44,58
 24,05 
micI 0,00 0,00 0,00 0,00 0,00 0,50 0,00 0,12 
0,00 0,19 o,;o 0,46 0,00 0,21 0,12 0,74 0,00 0,00 0,00 0,34 
mafic minerals 0,00 0,00 0,00 0,00 0,00 0,17 0,13 0.28 0,
37 0,00 0,00 0,00 0,17 0,00 0,45 0,00 0, 17 0,00 0,00 
0,00 
dark siltstone l, 15 1,43 0,94 2,19 5.43 28,21 27,39 37.76 25,65 
16,96 29,66 3,66 8,48 2,63 7,44 6,72 37,89 47,96 11,31 7,74 
light siltstone 0, 17 0,00 0,00 0,25 0,00 2,78 6,30 10,13 20,59 5,97 
9,14 1,01 1,47 4, 12 2,72 1,85 14,42 15,25 2,46 1,53 
red sihsrone 0,33 0,00 0,00 0,00 0,00 0,82 0,64 1,75 1,98 1,83
 1,50 0,63 0,33 0,00 0,40 0,00 3,26 1,13 0,40 0.31 
spiculitic chert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
other chert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 
fossiliferous limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,0
0 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
ligh1 limesrone 0,00 0,00 0,00 0,00 0,00 0,16 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
dark limestone 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,20 0,0
0 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
ch~k 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
l, 18 l, 14 0,83 0,94 1, 11 0,21 0,00 0,40 0.31 
catl 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,48 0,17 
0,00 0,00 0,00 0,17 0,00 0,00 0,17 0,00 0,00 0,00 0,00 
quJrtzite 0,62 0,80 0,92 0,00 0,48 3.94 3.60 6,88 9,80 8,21 6,17 5,93 9,28 
6,82 7,01 8,86 3,89 3,Q9 1,77 5,85 
mica schist 0,00 0,00 0,00 0,00 0,00 0,16 0,00 0,00 0,00 0,00 0,26 0,55 
0,00 0,21 0,59 0,37 0,00 0,00 1,60 0,00 
phyllite 0,00 0,00 0,24 0,00 0,37 0,33 0,13 0,00 0,00 0,00 0.17 
0,00 0,00 0,21 0,12 0,00 0,00 0,00 0,00 0,00 
cryst111ine schist 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0, 13 0,33 
0,21 0,00 0,00 0,00 0,00 0,20 0,00 
light crystalline rock 0,00 0,16 0,00 0,00 0,00 2.30 1,44 0,60 0,40 o,;1 0,46 0,51 0,49 0,21 
0,24 0,00 0,00 0.34 0,00 0,00 
dark crystalline rock 0,17 0,00 0,00 0,17 0,00 2,46 16,29 0,9; 2,02 2,21 0,52 0,67 3,1 l 1,44
 1.39 0,74 0,00 0,00 0,40 1,53 
red crysttlline rock 0,00 0,00 0,00 0,00 0,00 0,33 0,00 0,00 0,40 2,78 0,13 0,76 0,65 0,62 
1,;2 0,37 0,00 0,17 0,60 1,22 
green crystalline rock 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,19 0,00 0,26 0,49 0,00
 0,35 0,00 0,00 0,00 0,80 0,00 
biogenic matter 95,52 97,13 97,14 97,17 91,15 21,33 8,38 5,35 1,10 1,61 4,40 23,81 18,56 17,17 34,76 
20,95 4,85 5,00 35,51 57,16 
depth,cm 
rocks 100 105 110 115 120 
quartz 13,47 28,85 28,61 29,56 47,60 
mica 0,00 0,00 0,00 0,00 0,00 
mafic minerals 0,00 0,00 0,00 0,00 0,00 
dark siltstone 10,73 18,84 7,0J J,80 5,27 
light siltstone 1,41 5,56 0,73 0,28 2,06 
red siltstone 0,35 0,17 0,00 0,28 0,50 
spiculitic chert 0,00 0,00 0,00 0,00 0,00 
oiher chert 0,00 0,00 0,00 0,00 0,00 
fi:,ssi!iferous limestone 0,00 0,00 0,00 0,00 0,00 
lighT limrstone 0,00 0,56 0,00 0,00 0,00 
cbrk limcstone 0,00 0,00 0,00 0,17 0.25 
rh:tlk 0,35 0,85 0,00 0,00 0,00 
nxtl 0,17 0,00 0,00 0,00 0,00 
quartzite 5,52 9,11 6,6) 2,29 3,22 
mir:1 schist 0,00 0,00 0,)9 0,00 0,00 
µhylliTe 0,00 0,00 0,00 0,00 0,00 
crys1:1lline schLst 0,00 0,00 0,00 0,00 0,00 
light Cl)'Stalline rock 2, 12 0,85 1,57 0,28 0,25 
d:uk cryst:illine rock 0,35 1,96 2,51 0,45 0,25 
red crystaltine rock 0,35 0,62 0,78 0,56 0,50 
green cryst:il[ine rock 0,00 0,00 0,00 0,28 0,25 
biogenic matter 65,19 32,64 51,77 62,07 39,89 
23454 S/6 >12S µ,m 
depth,cm 
rocks 300 305 310 315 320 325 330 335 340 345 350 355 
360 365 370 375 380 385 390 395 
qlL1rtz 22,36 56,26 44,91 51,80 26,65 15,32 7,90 27,49 43,58 26,86 34,33 54,13 
12,85 14,11 30,70 29.33 16,12 37,39 17,83 4,85 
mica 0,00 0,00 0,17 0,17 0,00 0,00 0,00 0,34 0,00 0,00 0,17 0,14 
0,00 0,00 0,20 0,00 0,00 0,17 0,21 0,00 
mafic minerals 0,00 0,00 0,00 0,00 0,16 0,00 0,00 0,34 0,33 0,17 0,00 0,48 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 
dark siltstone 10,42 22,98 15,14 14,20 11,87 20,22 29,26 37,26 31,43 28,02 31,90 22,40 28,36 
40,20 39,88 13,30 16,93 11,67 12,32 21,64 
light siltstone 2,44 2,81 7,83 2,95 ;,97 7,82 8,30 12,68 10,35 6,05 11,25 5,44 9,76 8,90 
9,01 3,07 3,86 1,64 2,86 5,77 
red siltstone 0,78 1,82 1, 18 1,21 l,H 1)4 1,60 2,11 1.66 3,55 2,59 2,o7 1,56 3,41 l,88 0,54 0,98 
0,21 0,78 0,48 
spicu\itic chert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 
other d1er1 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 
fossiliferous lin1es1one 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 
lighl limestone 0,00 0,83 0,51 0,00 0,96 0,00 0,00 0,22 0,00 0.00 0,52 0,28 0,41 0,44 0,00 
0,00 0,00 0,00 0,00 0,00 
d:uk lim~tone 0,00 0,83 0,00 0,00 0,32 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 
d1alk 0,00 0,00 0,26 0,70 0,00 0,27 0,41 0,61 0,00 0,00 0,00 0,14 0,61 0,00 0,00 
0,00 0,20 0,21 0,00 0,00 
ru,J 0,00 0,00 0,26 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 
0,00 0,00 
qu:trtz.ite 1,96 1,24 2,95 3,81 2,57 3,M uo S,.?6 4,79 S,64 ;,29 3,25 2,47 3,69 ~,; I 3,77 2,89 2,52 
1,77 0,96 
mk:1 schist 0,21 0,00 0,26 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 
phyl\i1e 0,21 0,00 0,00 0,00 0,32 0,27 0,00 0,2.? 0,00 0,00 0,52 0,42 0,00 0,17 0,20 0,00 0,00 0,00 
0,00 0,00 
crystalline schist 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,18 0,00 0,00 0,22 0,00 0,00 0,00 0,00 0,00 
0,00 
light crystalline rock 1,83 2,07 0,26 0,70 0,16 0,87 0,82 0,83 0,57 1,30 6,o; 1,95 0,41 0,22 1, 18 1,99 1, 17 0,84 0,61 2,41 
dark crystalline rock 0,78 0,42 1,52 1,90 2,41 0,27 0,00 0,83 0,57 1,09 1,71 2,09 1,23 0,34 0,00 1,61 0,20 0,21 1,02 1,93 
red CT}'St.111ine rock 0,21 0,17 0,00 0,70 0,96 0,00 0,21 0,44 0,00 0,00 0,70 0,14 0,00 0,00 0,36 0,18 0,00 0,00 0,00 0,00 
green crystalline rock 0,21 0,00 0,00 0,35 0,00 0,00 0,00 0,22 0,00 0,00 0,00 0,14 0,21 0,00 0,20 0,18 0,00 0,00 0,00 0,00 
biogenic matter 58,63 10,60 24,81 21,56 47,23 50,00 47,43 11,17 6,74 27,35 4,84 6,96 42,15 28,33 11,90 46,04 57,68 45,15 62,62 61,98 
depth,cm 
rocks 400 405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 
qu.1rtz 3,46 25,89 37,36 40,78 49,38 63,27 37,48 31,68 27,42 37,74 56,15 63,29 19,31 27,22 13,84 31,46 15,60 22.51 3,77 20,54 
mica 0,00 0,00 0,00 0,00 0,00 0,48 0,00 0,00 0,00 0,16 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
mafic minerals 0,00 0,21 0,00 0,81 0,34 0,00 0,34 0,00 0,00 0,00 0,43 0,34 0,00 0,00 0,00 0,38 0,00 0,00 0,00 0,00 
dark siltstone 39,23 50,06 23,70 27,22 21,00 9,18 13,53 45,52 50,58 19,52 11,66 8,41 8,93 17,20 60,75 11,27 0,98 9,94 6),02 18,56 
light siltstone 4,86 14,63 19,67 20,58 l), 13 s.63 8,34 10,68 14,08 13, 71 6,68 4,39 8,91 6,78 8,59 J,91 0,62 7,45 7,08 6,85 
red sihstone 0,00 l, 71 3,12 1,43 5,16 5,Q9 0,34 3,16 2,25 1,78 4,61 1,12 1,94 0, 17 4 ,42 l, 15 0,42 0,41 3,67 1,10 
spiculitic chert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
other chert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
fossiliferous limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
tight limestone 0,00 0,00 0,00 0,31 1,53 0,50 0,00 0,23 0.41 0,49 O,J,I 0,00 0,00 0,25 0,00 0,00 0,00 0,00 0,00 0,00 
dark limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
ch~k 0,00 0,00 0,00 0,00 0,00 0,62 0,00 0,23 0,00 0,33 0,00 0,72 0,90 0,00 0,00 2,37 I,38 0,27 0,00 0,00 
ro:11 0,00 0,00 0,00 0,00 0,00 0,50 0,17 0,00 0.17 0,00 2,58 5,95 0,15 0,50 0.00 0,22 0,00 0,14 0,15 0,00 
qu:utzitc 1,57 J,97 1,62 2,66 3, 14 4,55 6,<6 2,25 2,69 4,81 3.67 J,69 4,67 4,31 2,84 7,59 3,53 5,70 0,63 5.n 
mica schist 0,00 0,00 0,00 0,00 0,26 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,44 0,25 0,00 0,43 0,00 0,27 0,00 0,14 
phyltite 0,00 0,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,01 0,17 0,15 0,50 0,00 0,22 0,21 0,00 0,00 0,00 
cryst:1\line schi.st 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,14 0,6') 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
light crystalline rock 1,57 0,55 0,81 0,31 1,36 2,20 0,00 0,00 0,28 1,94 3,32 1,91 1,92 3,88 0,92 4,98 0,62 1,23 0,50 1,40 
dark crystalline rock 0,00 0,00 1,21 2,47 1,36 1, 74 0,36 0,23 0,47 2,10 5,72 2,88 2,82 2,15 0,34 4,50 0,83 2,15 0,00 1,24 
red crystalline rock 0,00 0,00 0,12 1.55 1,95 1,87 0,73 0,45 0,44 0,33 0,17 0,17 1,35 1,41 0,34 1,68 0,97 1,09 0,17 2,06 
green crystalline rock 0,00 0,00 0,00 0,00 0,17 0,48 0,34 0,39 0,17 0,00 0,00 0,24 0,30 0,00 0,17 0,60 0,21 0,14 0,00 0,28 
biogenic maner 49,34 2,84 12,42 1,90 1,26 0,93 31,94 5,19 0,94 16,45 3,70 6,77 48,24 35,42 7,84 29,27 74,67 48,73 21,03 42,12 
depth,cm 
rocks 500 505 510 515 520 525 530 535 540 545 
550 555 560 565 570 575 580 585 590 595 
quartt 30,86 32,92 9,22 58,04 64,77 14,56 20,57 21,28 23,94 53,03 
13,16 23,39 23,26 22,27 28,58 3,94 10,94 53,75 39,Q9 32,03 
mica 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
 0,34 0,17 0,38 0,00 0,17 0,48 0,17 0,00 0,00 0,26 0,00 
0,00 
nufic miner:ds 0,00 0,00 0,00 0,00 0,54 0,00 0,00 0,45 0,31 0,49 0,00
 0,34 0,17 0,17 0,00 0,00 0,00 0,34 0,00 0,19 
dark siltstone 26,15 38,04 36,68 22,84 4,29 7,11 11,01 16,19 27,61 
;,.:;s 22,16 39,50 12,82 29,01 43,71 10,51 31,97 8,66 23,25 34,50 
light siltstone 12,65 6,44 5,08 2,63 7,90 5,13 2,88 6,67 10,39 15,94 5,56 15,22 
14,72 12,68 15,58 3,67 14, 14 5,10 14,65 15,74 
red siltstone 1,48 2,78 1,71 0,54 5.94 1.61 2,41 1,74 3,68 2,25 3.53 3,45 
1, 71 4,77 4,27 2,05 4,93 3,99 9,59 7,45 
spiculitic d1ert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
other d1er1 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 0,14 0,00 0,00 0,00 
fossiliferous linleStone 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
light lin-iestone 0,00 0,00 0,00 0,00 0,18 0,00 0,00 0,00 0,00 0,00 0,0
0 0,00 0,00 0,00 0,00 0,00 0,00 0,51 0,15 0,17 
d:uk tin1CStone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,26 0,17 0,00 
eh.ilk 0,00 0,00 0,00 0,34 0,00 0,00 0,00 0,00 0,00 0,08 0,00 
0,00 0,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
ro~ 0,17 0,44 0,00 0,54 0,89 0,37 0,00 0,17 0,15 0,24 
0,00 1, 17 0,00 0,48 1,00 0,00 0,14 0,00 0,15 0,17 
quJCtzite 8,40 4,60 4,58 6,85 6,10 ;, 13 10,58 9,75 6,47 10,70 5,49 2,67 7,36 
6,32 2,69 4,32 5,57 8,73 5,59 3,98 
miclsd1is1 0,13 0,00 0,29 0,00 0,00 0.42 0,30 0.23 0,00 1.09 0,19 0
,00 0,35 OJI 0,00 0,00 0,00 0,00 0,00 0,00 
phyllite 0,38 0,27 0,00 0,38 2,15 0,62 1,21 0,23 0,00 0,32 0,19 0,00 0
,00 0,17 0,00 0,00 0,14 0,42 0,00 0,00 
crystalline schist 0,00 0,00 0,00 0,00 0,00 0,21 0,00 0,00 0,00 0,00 0,00 0,00 0,00
 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
light crystalline rock 1, 15 0,61 0,91 0,54 1.44 1.4; 0,30 0,23 0,31 1,00 0,56 0,00 0,17 1
,96 l,Q7 0,27 0,40 1,95 1,20 1,32 
dark crystalline rock 0,85 1,38 0,29 0,92 2,66 1,24 0,60 0,45 1,72 3,94 0,73 0,34 2,91 1,6
7 0,93 1,08 0,83 6,12 1,55 0,54 
red c,ystalline rock 1,82 0,61 0,00 0,92 0,68 1,04 1,37 0,68 0,15 0,85 0,00 0,00 1,03 
0,88 0,00 0,14 0,67 1,02 0,15 0,75 
green crystalline rock 0,43 0,00 0,00 0,75 0,71 0,00 1,21 0,68 0,00 0,63 0,19 0,17 0,34 0,44 0
,17 0,14 0,43 2,89 0,00 0,38 
biogenic matter 15,54 11,94 41,28 4,71 1,78 61,14 47,57 41,31 24,94 3.73 47,90 13,78 34,85 18,41
 1,85 73,91 29,74 6,03 4,49 2,80 
depth,cm 
rocks 600 605 610 615 620 
quartz 39,84 43,23 36,94 40,11 42,74 
mica 0,00 0,00 0,00 0,17 0,00 
mafic minerals 0,20 0,00 0,50 0,27 0,00 
dark sihsron<> 18,15 23,71 24,78 28,97 26,03 
light siltstone 11,19 19,06 11,68 15,20 10,11 
red siltstone 17,12 l,24 2,10 2,13 2,84 
spiculitir chert 0,00 0,00 0,00 0,00 0,00 
other chert 0,00 0,00 0,00 0,00 0,00 
fossiliferous limestone 0,00 0,00 0,00 0,00 0,00 
light limestone 0,00 0,00 0,00 0,00 0,24 
d:1rk limestone 0,00 0,00 0,00 0,00 0,00 
d1~k 0,00 0,22 0, 16 0,27 0,00 
co.ii 0,81 0,65 0,49 0,55 5,28 
quartzite 3,93 7,96 7,39 4,28 6,47 
mio schist 0,00 0,00 0,00 0,00 0,00 
phylli1e 0,00 0,00 0,00 0,00 0,00 
crystalline schist 0,00 0,00 0,00 0,00 0,00 
light crystalline rock 3,37 2,09 1,45 5,94 4,24 
dark crystalline rock 2,36 0,65 0,49 0,88 0,94 
red crystalline rock 1,62 0,00 0,16 0,17 o,47 
green crystalline rock 0,00 0,00 0,16 0,00 0,00 
biogenic matter 1,42 1,24 13,72 1,09 0,67 
23456 1/2 > 125 µ_m depth,cm 
rocks 0 5 10 15 20 
,-
., 30 35 40 45 50 55 60 65 70 75 80 85 
90 95 
quanz 4,66 4,23 4,10 2,77 1,00 1,68 0,32 0,17 0,79 23.34 
26,68 38.30 34,24 36,47 57,89 30,59 16,94 44,88 29,92 50,36 
miGl 0,00 0,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,17 0,00 0,34 0,17 
rmfic minerals 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
dark siltstone 0,80 0,67 0,37 0,13 0,18 0.18 1,03 0,87 1,66 11,35 38,46 32.17 
49,73 33,16 12,92 30,76 22,79 3,48 11,38 0,87 
light siltstone 0,16 0,34 1,00 0,00 0,00 0,00 0,00 0,00 0,00 2,20 
;,;; 6,54 5,94 16,03 6,73 28,96 3,23 0,95 5,QJ 0,88 
red silts1one 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 1,03 
0,00 0,81 1,74 1,99 1,99 0,71 1,37 0,95 0,36 0,18 
spicu\itic chert 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
other chert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,1
6 0,00 0,00 0,00 0,00 0,00 0,00 0,20 0,00 
fossiliferous limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
light limes1one 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00
 0,00 0,00 0,00 0,71 0,91 0,00 0,20 0,00 
dark li1nestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,00 0,00 0,00 0,00 
chalk 0,00 0,00 0,00 0,00 0,00 0.00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 0,76 0,00 0,18 
cool 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,00 0,17 0,00 
0,00 0,37 1,00 0,00 0,00 0,00 0,34 0,17 
qu:trtzite 0,94 1,45 1,01 1,23 0.18 0,00 0,00 0,00 0,00 2,68 6,20 4,28 3,70 
4,22 12,50 3,98 8,94 11,17 6,15 4,35 
miC'3 schist 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,42 0,00 0,91 0,57 0,40 0,00 
phyllite 0,00 0,00 0,20 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,50 0,00 0,00 
0,00 0,00 0,00 0,19 0,00 0,35 
crystalline schi.st 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,19 0,40 0,00 
light crystalline rock 0,14 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,15 1,55 3,37 2,01 1, 18 1,24 
0,42 1,62 2,61 3,40 2,17 2,80 
dark crystalline rock 0,40 0,78 0,00 0,50 0, 17 0,18 0,26 0,00 0,32 0,68 3,03 0,99 0,79 1,20 2,41 0,61 3,35 
2,98 4,01 2,61 
red Cl)'Stalline rock 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,17 0,00 0,40 0,42 2,92 0,00 0,46 2,05 2,50 2,44 
green crystalline rock 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,42 0,50 
0,00 0,00 0,20 0,88 
biogenic matter 92,92 92.39 93.31 95,37 98,48 97,97 98,39 98,97 97,10 56,18 16,40 14,27 2,31 4,92 0,42 1,58 38,35 
28,47 36,46 33,81 
depth,cm 
rocks 100 105 llO ll5 120 125 130 135 140 145 150 155 
quartz 48,32 36,03 28,56 27,74 34,18 19,45 6,82 7,05 17,88 22,52 32.59 31,57 
mica 0,19 0,41 0,18 0,00 0,00 0,00 0,00 0,17 0,00 0,00 0,00 0,00 
mafic minernls 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
d:u-k siltstone 2,44 3,45 20,43 29,03 5,94 16, 18 4,82 9,46 17.34 3,95 10,59 2,90 
light siltstone 1, 13 0,48 2,71 7,66 1,01 0,21 1, 17 3,67 4,92 0,00 2,44 0,17 
red siltstone 0,56 0,96 1,27 3,98 0,21 1,85 0,00 0,47 2,41 0,00 0,00 0,17 
spiculitic chert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
other chert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
fossiliferous limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
light li,nestone 0,38 0,00 0,00 0,00 0, 17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
dark Jirnes1one 0,00 0,48 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 
ch,uk 0,19 0,00 0,36 0,00 0,42 0,00 0,00 0,00 0,00 0,00 0,61 0,00 
cool 0,00 0,00 0,00 0,34 0,00 0,00 0,00 0,00 0.00 0,00 1,39 0,00 
qu::irtzite 7,10 ll,89 6,78 8,12 6,28 7,56 0,34 3,50 6,46 3,92 8,22 2,00 
mic:1 schis1 0,94 1,44 0,36 0,00 0,00 0,62 0,00 0,00 0,00 0,00 0,00 0,00 
phyllite 0,00 0,48 0,00 0,00 0,42 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
crystalline schi.st 0,19 0,24 0,00 0,00 0,00 0,21 0,00 0,00 0,00 0,00 0,00 0,00 
light crys1atline rock 1,27 1,68 1,81 2,84 2, 11 1,40 0,00 3,00 2,67 0,86 1,83 0,00 
d3fk crystalline rock 2,60 3,04 3,06 2,37 4,22 3,49 0,00 0,47 1,53 3,62 1,83 4,01 
red crystalline rock 0,75 2,32 0,18 0,00 2,07 0,41 0,00 0,00 0,58 0,00 0,00 1,28 
green crystalline rock 0,00 0,48 0,00 0,00 0,21 0,21 0,00 0,00 0,19 0,00 0,00 1,28 
biogenic matter 33.98 36,67 34,33 17,95 42,78 48,45 86,87 72,22 46,04 65,14 40,52 56,63 
23456 5/6 >125 µm 
depth.cm 
rocks 345 350 355 360 365 370 375 380 385 390 395 400 405 410 415 420 425 430 05 440 
quartz 44,71 69,99 63,96 55,Q9 15,23 22,56 28,66 33,49 27,53 32,35 32,96 14,45 17,25 18,28 8,83 44,96 44,03 27,70 24,37 44,96 
mica 0,00 0,00 0,34 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,17 0,47 0,00 0,00 0,00 0,17 0,00 0,18 
m.1fic minerals 0,00 0,50 0,17 0,00 0,00 0,00 0,66 0,55 0,00 0,00 0,00 0,00 0,00 0,63 0,00 0,00 0,00 0,00 0,00 0,00 
dlfk siltstone 22,63 4,16 6,12 19,10 6,59 13,00 33,80 18,44 12,66 14,29 9,54 2;,33 17.56 19,06 25,17 33,12 27,40 32,00 29,56 19,19 
light siltstone 8,83 2,04 • 0,17 0,93 0,17 4,43 2,80 2,72 3.63 2,33 0,16 2,71 4, 12 3,74 5,34 8,10 11,28 5,87 6,44 5,92 
red siltstone 7,04 0,82 1,49 0,48 0,70 1,27 0,00 1,63 2,34 2,33 0,00 0,68 1,18 2,04 2,00 3,24 4,03 4,84 2,50 2,25 
spiculitic rhert 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
other chert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
fossiliferous limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
lighl limestone 0,00 0,00 0,99 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,68 0,00 0,47 0,00 0,00 0,81 0,00 0,00 0,00 
dark limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
chalk 0,00 0,00 0,00 0,00 0,00 1,27 0,00 0,00 0,00 0,00 0,00 o.oo 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,30 
cool 0,38 0,57 0,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,41 0,17 0,00 0,00 
quartzite 10,61 15,01 10,74 6,58 2,95 7,93 2,16 ;,39 6,52 7,16 1,57 l,01 5,21 5,37 4,00 6,41 6,62 5,21 4,87 6,30 
mic:Ischist 0,38 0,82 2,48 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
phyUite 0,19 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,94 2,00 0,62 0,20 0,26 0,00 0,00 
crysulline schist 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
light crystalline rock 0,93 1,22 0,50 4,47 0,70 1,27 2,31 0,00 0,00 4,65 3,13 1,35 0,00 0,94 4,00 1,29 2,72 1,15 3,61 7,33 
d:1rk crystalline rock 1,53 3,28 5,78 4,50 2,09 2,87 i.13 0,55 1,06 2,49 3,13 0,17 0,59 0,17 2,00 0,77 1,75 1,45 1,37 1,29 
red crystalline rock 2,44 1,63 2,15 0,45 0,70 0,00 0,00 0,00 0,73 2.33 1,57 0,00 0,59 0,47 0,00 0,00 0,61 0,26 o,48 1,19 
green crystalline rock 0,00 0,00 0,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,68 0,59 0,00 0,00 0,00 0,00 0,13 0,00 0,00 
biogenic matter 0,36 0,00 4,49 8,12 70,92 45,43 25,50 37,25 45,56 32,09 47,97 52,97 52,77 47,45 46,67 1,50 0,17 20,82 26,83 11,14 
depth,cm 
rocks 445 450 455 460 465 470 475 480 485 490 495 500 505 510 515 520 525 530 535 540 
qu:1r12 43,03 42,16 52,28 51,71 43,03 30,91 39,24 ll,80 23,38 21,04 12,38 13, 19 12,83 17,76 15,lO 10,63 0,90 1,98 11,00 0,84 
mici 0,33 0,00 0,00 0,00 0,60 0,33 0,00 0.00 0,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
mafic minerals 0,00 0,00 0,34 0,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
dJrk siltstone 37,97 31,40 27,13 23,98 34,45 40,85 43,73 38,05 38,67 22,05 28,19 27,65 30.28 18,61 22,60 25,08 0,37 0,50 4,83 H,25 
light siltstone 4,84 5,7; 4,28 4,10 2,41 11,39 4,89 6,06 3,90 3,52 0,00 1,60 1,42 4,58 5,64 4,79 10,55 2,96 4,17 0,34 
red siltstone 2,92 2,04 2,74 3,48 0,77 1,95 1,93 2,02 2,83 1,62 0,00 0,00 I.42 0,38 3,13 1,62 1,18 0,00 2,50 
4,88 
spiculitic chert 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 
other chert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 
fossiliferous limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 
light limestone 0,33 0,00 0,00 0,00 0,60 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3. 13 0,00 0,00 0,00 
0,00 4,55 
dark limestone 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 0,00 
chalk 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 
0,00 0,00 
rotl 0,00 0,00 0,00 0,00 0,00 0,00 0,17 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0, 17 0,00 0,00 
0,00 0,00 0,00 
quartzitl" 6,05 5,43 5,59 8, 16 l0,19 7,97 6,70 7,60 7,05 7,53 4,62 2, 15 2,72 4,27 3,51 3,96 0,17 0,50 4,50 0,00 
mica schist 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,17 0,54 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
0,00 
phyllite 0,00 0,00 0,34 0,17 0,34 0,17 0,17 0,00 0,41 0,00 0,00 0,00 0,00 0,00 0,00 0,73 0,21 0,00 0,00 0,00 
crystalline schi'i1 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
light crystalline rock 2,45 0,87 1,88 1, 13 4,82 4,84 1,59 2,63 0,82 2,60 0,00 2,15 2,83 3,82 2,35 5,80 0,00 25,00 0,00 0,00 
dark crystalline rock 0,97 3,71 2,88 4,10 0,67 1,30 0,80 1,62 2,31 2,87 0,77 2,31 1,42 1,91 2,51 5,07 0,21 0,00 0,34 0,34 
red crystalline rock 0,49 0,00 0,34 1,85 0,77 0,00 0,00 0,45 0,00 0,27 1,54 0,00 0,47 0,38 0,17 0,00 0,00 0,00 0,00 0,00 
green crystalline rock 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,54 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
biogenic matter o,65 8,65 2,21 1,17 1,37 0,33 0,80 29,79 20,32 37,98 50,98 50,98 46,64 48,30 41,73 42,34 86,45 69,08 72,67 47,84 
rocks 545 550 555 560 565 570 575 580 
depth,cm 
585 590 595 600 605 610 615 620 
quartz 9,88 30,56 32,22 16,47 43,78 54,51 47,47 58,Q9 45,52 55,12 10,41 16,64 16,15 21,00 10,13 13,65 
rnica 0,00 0,00 0,00 0,00 0,17 0,17 0,17 0,1"' 0,17 0,00 0,00 0,49 0,00 0,00 0,00 0,53 
mafic mlner:1ls 0,00 0,00 0,00 0,00 0,00 1,43 0,60 2.:.i.o 0,50 l,>6 0,00 0,16 0,00 0,00 0,17 0,00 
dark sihstone 32,61 39,33 45,56 21,44 12,58 9,91 14,58 13.84 18,70 9,80 2,54 15,69 10,02 54,80 61,43 8,44 
light sihstont" 5,42 17,10 9.22 12,80 2;,03 7,85 11,44 7,20 5,42 10, 17 l.38 11,00 6,74 8,26 13,36 3,68 
red siltstont' 0,00 3.56 2,06 2,16 2,52 5,35 5.34 2,9.~ 1,61 2,31 0,00 0,97 0,74 3,72 2,60 0,27 
spiculitic cht·n 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
other chert 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
fossiliferous limestone 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
light limes1one 0,00 0,00 0,00 0,00 0,50 0,00 0,00 1.1; 0,00 0,77 0,55 0,49 0,99 0,00 0,00 0,27 
rl:irk lirnes1one 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.17 o.oo 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
ch:1\k 0,00 0,00 0,00 o.so 0,00 0,00 0,00 0,00 0,2S 0,00 1, 10 0, 16 0,25 0,00 0,00 ;\, 71 
co:11 0,00 0,00 0,00 0,00 1,0) 5,55 11,08 3.75 9,35 3,32 0,00 0,16 0,00 0,34 0,00 0,00 
q11:1rtzi1e 4,59 4,70 5,89 9,14 8,39 9,41 5.53 5,:16 12,83 10,19 ,,46 9,86 14,80 5,17 6,20 14,40 
mi<.":Ischist 0,00 0,00 0,00 0,00 0,17 0,21 0,00 0.00 0,00 0,00 0,00 0,16 0,00 0,00 0,00 0,96 
phylli1e 0,00 0,00 0,61 0,00 0,00 0,17 0,00 0,66 0,28 0,52 0,00 0,16 0,00 0,21 0,00 0,27 
crystalline schisl 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
lighl cryst:.1Uine rock 2,30 2,55 2,39 0,33 1, 18 1,64 0,92 2.46 2,93 l.36 l, 10 2,59 1,73 0,78 0,60 1,23 
dark crystalline rock 0,00 1, 19 0,45 1,33 2,86 3,12 1,67 1,64 1,99 4,59 3,02 2,43 2,14 0,37 0,37 2,62 
red crystJlline rock 1,07 0,51 0,45 1,00 0,84 0,21 1,06 0.33 0,00 0,00 0,83 0,81 0,99 0,21 0,00 0,70 
green crystalline rock 0,00 0,51 0,17 0,33 0,17 0,00 0,00 0,00 0,28 0,26 0,28 0,32 0,00 0,00 0,00 0,27 
biogenic matter 44,16 0,00 1,00 34,50 0,84 0,50 0,17 0,00 0,17 0,26 74,37 37,92 45,48 5,17 5,17 49,06 
Appendix C: Results of factor analyses 
Tables arranged into last (Stages l & 2) and penultimate (Stages 5 & 6) 
glacial/ interglacial cycles. 
First column: depth of sample in cm. Asterixes (*) mark those samples that 
come from box cores (GKG), other samples come from long box 
cores (KAL) 
Second column: age of sample in ka. 
Third column: communality of the sample. 
Fourth through ninth columns: factor loadings for the six factors. 
Two columns at top right of each analysis: variance (corr) and lithological 
associations (i.e. principal components) for the sampled interval (i.e. 
Stages l & 2 or Stages 5 & 6) of the core as a whole. 
"+" indicates positive correlation between 2 or more lithotypes; 
"-" indicates negative correlation between 2 or more lithotypes. 
Example: "qtzite+dkxlrk-ltxlrk" means presence of quartzite with positive 
correlation with dark crystalline rock and negative correlation with light 
crystalline rock. 




ka: thousand years ago 
qtz: quartz + feldspar 
maf: mafic minerals 
dkss: dark siltstone 
ltss: light siltstone 
redss: red siltstone 
spiccht: spiculitic chert 
cht: chert 
fossls: fossiliferous limestone 
ltls: light limestone 




ms: mica schist 
phyll: phyllite 
xls: crystalline schist 
ltxlrk: light crystalline rock 
dkxlrk: dark crystalline rock 
redxlrk: red crystalline rock 
grnxlrk: green crystalline rock 
bio: biogenic material 
17728 > 125 µ.m analysis 
depth age comm 1 2 3 4 5 6 corr litho 
cm ka 
0 OQQ 0 2ll 0~5 0 !lZ2 :ll QQ3 :llQQ3 OQQ:! 1=53,10 bio,qtz 
5 6QQ 02JS 0 3aa OQBJ :ll003 :llQQl 0006 2=43,80 qtz+bio 
JO J2QQ l Q666 O~l QQS:Z :ll Q3 :ll Q36 :ll !l:ll 3=2,71 dkss+l!S&<j!Z 
JS lHl 0314 Q23S 0016 OOJS QQQ2 OQ2S 4=0,22 chalk+ltss+ltxlrk+qtzite 
ZQ J6SJ l QSM OZZ6 0232 :ll006 0061 :ll Ola 5=0,13 qtzite-ltss 
25 ]222 l 0152 062:l om 0125 OQQ2 0003 6=0,04 ltss+qtzite-chalk-ltxlrk-dkss 
3Q 2162 l Q826 Q~I Q ]38 QQQ6 QQZ3 0016 
45 2986 0 652 062 0313 0013 :llQU 0008 
depth age comm 1 2 3 4 5 6 corr litho 
cm ka 
IQQ 6SQQ Q222 Q252 0228 :ll 035 QQ38 :ll QJ:i :ll Q3 1=56,4 qtz 
IQS 6BOQ l Q266 Q 236 :ll !l:l2 Q.!l:l2 OQSB OOIJ 2=40,8 dkss+ltss 
IJQ 11.QQ 0457 Q.S86 :llQQS Q02 QQZ2 :llQ21 3=1,3 ltss+redss-qtzite 
130 103 SQ Q222 Q.513 QZZ2 OQfil Q26J QQ3l :l).Q25 4=1,3 qtzite+ltss )SQ IJZ2Q I Q.2Q3 0212 :llQ23 :ll065 :ll Ql5 OQ2:l 5=0,1 redxlrk 
l55 )126Q Q222 Q,865 0128 :l).Ql{i Q03l QQIB QQU 6=0,1 redss-ltss+qtzite 
165 )28QQ Q 2l2 Q 3:l O Ill 0 !Sl QQQS :l).Q62 
115 !31.Q:j 0222 Q.2:1 0 322 O JQ5 :ll QJ5 QQ28 OQ23 
JBS 13fQB 0222 Q 121 Qfil Q!l:l :l).Q6 :ll QQI QQQI 
125 l:H62 l Q.263 0 26:l Q.!l:l :l).Q22 :llQ26 O,Qll 
2QQ l:lB 25 I Q 2:11 0313 QQ61 :llQH :ll 022 :ll 006 
2!!5 151 SB l Q2Q6 Q :l2J o.!l:l3 Q03 :llQ12 :llQQZ 
2JQ 155 SQ OBQZ Q5 OQQ6 Q 312 :ll Ql5 OQl5 
220 j{i215 Q ill Q155 02]2 Q 22] :llQQl QQQ2 
230 JZQQQ l OBZZ 0 :lZ:l Q~3 0 !l:lZ :ll Q28 QQQZ 
2~ l~ 32 l Q.562 om 0282 QQ6 OQI :ll QJS 
2:l5 JZ!i:l2 l 0 761 Q 6Q3 Q21Z :ll QQ3 :ll QJ2 O.Q36 
2SQ ]18 65 0768 Q626 012 QQJ2 :ll Ql2 :ll !l:lB 
26Q m21 l Q 8)2 Q 551 :l)Q82 Q,)Ql :ll!l:l:l :llQQ3 
265 ]85 2!i 0222 Q :l6:l Q 88 :l)Q86 Q Q:l2 :ll Q]6 QQQ2 
215 12381 I 0 355 Q22l 013:l OQB :llQIB :QQlZ 
21906 >125 µ.m analysis 
depth age comm 1 2 3 4 5 6 corr licho 
cm ka 
Q Q Q.2Q5 Q 226 Q.352 :l).QQ2 Q.QQl Q 00:i 1=41,2 biO<jtZ 
5 86 Q23 Q.JZZ Q.J?I Q,QQ3 Q :llQQ2 2=19,3 dies., 
lQ 228 Q.218 Q 123 Q 3:!8 :llQQ, Q :llQQ2 3=38,8 qtZ+bio 
15 11.35 Q.JQZ Q 252 Q906 :lll3 Q.Q12 :llQI 4=0,6 qtzite+ltss 
2Q HZ3 Q.318 Q636 Q.ZQ2 Q.Q15 :llQ2 QQl2 5=0,1 ltss-phyll<jtzite 
25 Hll Q.526 Q 324 Q.Z,Z Q.Q28 QQQ3 QQ3 6=0,0 dkxlrk+ltxlrk+redss-ltls 
3Q 1542 Q604 Q.2Z2 QZ31 Q.131 Q Q26 -O.QQ8 
35 1686 Q 5Q5 Q,JQ4 Q.Z28 Q 122 :l).Q22 :l).QQ8 
4Q 1824 Q.2QI Q23Z Q 285 Q.QQ3 Q.QIZ :llQQ2 
50 31l3 o.61Z Q433 Q.651 Q.Q65 :llQ56 QQQI 
depth age comm I 2 3 4 5 6 corr litho 
cm ka 
160 5Q.21 I Q.2Z3 Q.163 Q 16 :l).QQ3 -O.Q14 Q,QI !=64,2 bio 
Hi5 5261 Q.222 Q.883 Q 221 0355 QQ48 QQl8 QQZ2 2=27,2 qtz 
IZQ 65 Q222 Q.83 Q.5!1 Q.08 Q.2Q5 :l).Q12 Q.Q,4 3=7,7 dkss 
IZ5 Z2'5 Q,222 QQl :l).Q15 :l).Q,8 :l).Q12 :l).Q21 4=0,2 micasch+qtzite+dkxlrk 
+redss 
18Q 851 I Q22 Q Wi QQ46 :l).Q32 :l).QQ5 :ll.Q;m 5=0,3 ltss+redss 
185 2Q 25 Q,222 Q6ZZ Q.665 Q.26] Q.04 QQZ Q.118 6=0,2 qtzite-micasch+ltss-redss 
125 105.Q2 Q,222 0.253 Ql.Z 02z5 :l).QQ2 -OO!l :llQQ6 
2QQ 11Q.Z2 I Q.886 Q 31 Q.285 Q.Q42 Q.QQ6 Q 124 
2Q5 llHl Q,222 o.2az Q QZ6 0.131 :llQl :l).Q15 :l).QJZ 
21Q 11668 l Q.213 QQZ2 Q.328 Q.QJ6 :l).Q41 Q.Ql2 
215 112.62 I Q22Z Q.Q43 :llQl6 -O.Q38 :!).QI! -O.Q35 
22Q ms6 I Q226 Q Q65 :llQ32 :l).Q32 :l).QQ8 :llQ36 
225 !ll.44 Q.22Z Q.Z48 Q 656 Q.Q33 Q Q21 Q.Q6Z QQ25 
230 124 J! I 0668 Q282 Q.6§2 QQH :l).Q2J :llQl6 
;:is 12512 Q,222 Q.Q25 Q223 Q.06 :llQ2 Q.Q13 :ll.QQZ 
240 l2Z.1Z Q.228 Q.111 Q285 0.121 Q QQ8 :l).QQ3 :l).QQ5 
245 122.15 Q.228 Q.1 Q224 Q.Q!l ;QQ13 Q.QQ4 Q.Q3 
25Q !ll.14 Q,228 Q.IQ4 Q.282 :l).Q56 ;Q.034 Q.Q52 :l).Qj] 
255 lll.12 Q,222 Q.Q23 Q.22, Q.Q6§ ;Q.Q!6 :ll 00:i :l).Q28 
26Q ll51 l 0882 Q.233 Q.384 Q.Q31 :llQZ2 Q.Q3 
2ZQ 142.28 Q,222 Q.181.l Q.223 Q.56Z ;Q.Q!6 QQBl Q.Qll 
280 ISZ 6:! Q222 Q.24Z Q.152 Q 26 ;Q.Q26 Q IQ8 :l).QJZ 
285 162.z l Q,Z4? Q.384 Q.518 ;Q.Q2] Q 181 Q.Ql2 
22Q l6Z Z6 Q,225 Q.2Q8 Q 38Z Q.1,1 Q.054 :llQ!Z QQ58 
225 ma3 0228 Q.232 Q J4 Q.325 QQZI QQ42 Q.QIZ 
3QQ IZZ82 l Q.25 Q 121 Q.245 :ll QQ5 :l).Q12 QQI 
lQ5 18225 I Q.Z2 Q.882 Q 342 Q.Qjl :l).Q32 QQZ5 
31Q 188.Ql I Q.223 Q.162 Q.332 Q.QQ6 :l).Q56 :l).Q18 
315 123.QZ Q,222 Q85 Q 5Q8 Q.JIZ :D (t!S QQ41 ;Q.Q12 
32Q 2QO.SZ Q 222 Q86§ Q467 0.113 O.o45 Q.QQ2 0.11] 
23059 >125 µm analysis 
depth age comm 1 2 3 4 5 6 corr lithe 
cm ka 
QS* l16 Q 3Zl! 0226 :QQQ3 0 :Q Ql2 QQQJ 1=49,7 qtz+loram 
2 5• HQ Q 365 Q231 :QQQ2 Q~ :QQl2 QQQ3 2=49,7 loram-qtz 
5 5• 5 36 031 02'2 :Q llQ1 0 :Q~3 QQQ2 3=0,3 qtzite+dkxlrk 
200 ll 5l l Q32l Q22 :Q Ql QQQ3 :Q~ QQQS 4=0,2 dkxlrk-qtzite 
85* 152 I o 362 0222 :QQQZ QQQl :QQ22 QQQ2 5=0,2 dkss 
J6 5' ]068 l 0533 Qil:!3 0036 :Q~ QQ5Z :Q QQ!l 6=0,0 ltss+ltxlrk+cht+phyll-qtzite 
i2 o• ll 66 I HZ 088] Q !l:ll :Q 021 QQ3l :QQl5 
24 5* 1313 l Q855 Q 5ll :Q086 :Q Ql6 :QQ32 QQQ3 
28 5• HZZ I Q 8!6 051 :QQil:! :QQJ8 :QQ26 :QQQl 
225* 1505 l 0286 QH2 :QQlll :QQSll :Q !l:l2 :Q028 
4Q !Sil:! Q2:!l Q 332 :Q Q3 :QQ22 :QQIS Q Q31:i 
3SQ' l66Z Qfil 0652 :QQZS :QQH :Q~ QQQ2 
SQ l863 018 0611 QQ8 Q0]8 QQ64 :QQQI 
ZQ 2421 I Q838 Q 536 0021 QQQ2 QQ23 0 
8Q 2ZQQ I Q881 Qi4Z QQQS Q 131 QQQl :QQQI 
2Q 30 32 l 0214 038 Q 132 :QQQ3 0 :QQQl 
depth age comm 1 2 3 4 5 6 corr lithe 
cm ka 
]40 4682 0.222 QZ4Z 0 61:i Q.QSl QQIZ :QQ3 :QQQS 1=50,6 bio 
JSQ SQ.2] 0222 QZ4! 0 61:iB QQQQ QQ3l Q !l:l1 :Q 03 2=43,3 qtz 
lllQ 6,S.08 0222 0884 0156 QQ1S :Q.Q34 0032 :QQl2 3=5,5 dkss+ltss 
114 12.25 I 0288 Q.]25 QQBZ Q008 :QQQ4 :QQQ4 4=0,4 ltss-dkss+dkxlrk+ltxlrk 
!2Q 2622 1 0,2QZ Q4H QQ61l :Q QlZ :QQ23 :QQIQ 5=0,1 dkxlrk+ltxlrk+dkss-ltss 
+redxlrk 
l26 22 38 l Q2Z4 0211 0086 :QQQ8 QQQ4 :QQQ2 6=0,0 qtzite 
2l2 122 56 0226 QQll 0064 0022 :Q.Ql8 QQQS 
220 12512 Q 621 OZQ6 Q ]24 :!)028 :QQQ3 :QQQ3 
228 l22 52 l 0268 0252 :QQ52 :!)031 :QQ5l :Q QQ!l 
238 ]35-10 I 0 6ll2 0616 Q 3QI :Q !l:l2 0031 Q !l:l2 
242 n15z 0621 Q 324 Q 638 Q !l:l3 :QQl5 QQJ 
251 l32 36 Q 325 02Q4 Q.265 :QQZ2 Q o.~6 
2ZQ H228 0222 QQ33 02Q3 Q4JZ :Q.ozz QQIZ :Q !l:lll 
200 HZ-43 Q222 0222 0245 :Q 122 :QQl4 Q.QIZ QQQl 
22Q ]52-58 0222 0161 O SQ2 om :QQ25 0.011 :QQQJ 
3Ql ]642:! Q 2l5 0222 Q 2]8 Q 2Q2 QQQJ :QQQl 
3]0 m.Q5 o 246 Q261 OQSZ QQll QQQ2 0034 
364 123.Ql 0221 Q JQ5 0085 QQll :QQQ2 QQQl 
23062 >125 µ,m analysis 
depth age comm 1 2 3 4 ; 6 corr litho 
cm ka 
os• 2 Q2 Q28i Q 162 :!l!lOO :!lQII :!l QQ:j :!l 001 1= s;,9 bio 
3 s• 115 Q 28:l Q IZB :QQI :!)008 :!JOOS :!)002 2= 43,6 qtz 
!SS' !SZQ Q 28:l Q lIZ :QQl2 :!l 002 :!l!.!li :!)002 3=0,S qtzite+dkss 
25* 826 Q 28:l Q lZ!S :QQI :!l!.!lZ :!l!.!l3 :!)002 4=0,0 dkss-dkxlrk-qtzite 
12 s• 8 28 0282 Q l!lZ :QQQZ :!l 002 :!)003 :!)002 S=O,O dkxlrk+dkss-qtzite 
15 Q* 235 0246 Q 3,1 QQQQ QOOi :!l OOJ :Q!.!)1 6=0,0 ltss+dkxlrk+redxlrk 
IZ S* 21' Q2l 01n QQ3i 002:! Q 002 :!l!lOO 
21 o• 1068 QZ22 Q S2Z QQQQ QM 0 :!)002 
2:1 o• 1213 om 0282 :!lQZ!i QQll :!lQ2l :!)002 
280' H2S l 0343 0238 :!)042 :!lQl2 :!lQl :!lQJa 
3Q 5* ISQ.1 l Q 3QZ 0248 :QQ83 QOOi QQ3 ooos 
330• 1563 1 O lQj 0224 :QQ26 :!lQl :QQQQ :!l 003 
360' 1635 QZS2 Q !Si :QQ2l :!l Ql Q008 0028 
32 j* lZZQ l Q 126 Q 253 Q 222 QQQl Qll!ll :QOOJ 
8Q o 2ZQQ 1 QSZ3 Q818 :QQl2 :!)008 QOB oooz 
depth age comm 1 2 3 4 s 6 corr litho 
cm ka 
140 4682 Q22Z Q!ll!i 0325 066:j :Q.QZ2 QQ3:! 0021 1=49,0 bio 
ljO j0.21 0.222 Q 522 Q42i Q2lS :Q.Q82 0012 0028 2=26,8 dkss+ltss 
lQQ ~.02 Q.222 Q8:! 0.22 0.423 :Q.024 :l).03 QQJ2 3=22,S qtz 
lIZ Z4.4o 0.233 QQ8:! Ql:!4 :!)062 QQQi :!)013 4=0,7 qtzite 
12Q 85.lQ l Q22S QQ22 O.Qjj ::Q.Q2i Q.QJ ::OQQ!i 5=0,7 ltss-dkss+redss 
202 2488 l Q223 QQB4 0.078 ::0.032 :Q.QQ2 QOOQ 6=0,1 redss+dkxlrk+ltxlrk-ltss 
210 22 38 1 Q 222 00,2 0012 ::Q.Ql7 0.015 :QQQZ 
220 I l i.13 I 0222 :!l 008 QQ2Z ::0.02 Q.Ql :Q.QQS 
230 12i.S6 0.222 ::Q.02z :Q.021 -0.0JZ O.Olj ::Q.OOJ 
24Q 121.30 0~2 031z Q.682 -O.QZ2 -0.Qll :Q.036 
250 128.Z:Z 0222 Q 132 Q23i 0308 :!l Q(i -0.073 ::OM3 
2QQ 122.25 l 0.0:!2 0.226 0242 :Q.Qll ::OQQB :Q.QJ2 
268 133.22 0226 002:1 0.282 0248 -0.lll Q.QZl :QOlS 
225 135 2i 1 oZ:!2 0.52:! O:!OZ Q.03:! :l).088 :Q.002 
3M 13Zol 0222 QO:!:! 0222 QQBi :!)02 :Q.Q32 o.oQ!;i 
316 138:18 1 Q 83Z Q.41Z O l:!:! 0006 :llOOl 0.0l!i 
328 HQJO 0222 Q Sil o.z28 Ol~ Q.Qi3 :!l.m OOO! 
33Z HI ll 0228 QQ3:! 0322 021 ::Q.Q8i :l).03i QQ28 
344 H22S 1 Q.Q2Z Q.21Z Q2~ 0108 :Q.Q32 -0.QZZ 
3!:ii liQ.80 0222 0 3Q(i on2 Q.82 Q.338 :llQ22 Q.003 
3!:i2 lSS.Q2 0222 OQ12 Q 242 0.266 00! Q.Ql Q.Qjl 
380 158 22 1 0.2il Q,Q28 0.2Q(i Q.Jl:! 003! :QQH 
320 122.(i(i 1 Q.2Zl om Q !6 QJQ2 QQjQ o.005 
:!lQ JZ2.QZ 1 Q Q22 Q 228 QQB:l ::0 Ql2 Q32l 0 
424 1Z4.4o l QQ32 0252 0.24i QQ33 ::Q.Hl Q.!Ql 
430 1za.22 I QQ3i 0.2Ql 0.408 Q.Q!Si Q.072 :Q.Q22 
:!:jQ 182 n Q 222 004 0.24 0 318 Q 103 -0.011 :Q.OSi 
:!SO 182.00 l 0282 O.Q!i2 0.176 0.03i 0.01 0 
:!QQ 12i 3l I 0222 QOQ:! Q.Q3i 0.Ql 00]1 0001 
410 20:! QI l Q.22i Q.Qi3 O.Q81 -0.QQS o.003 QQQ!S 
480 2HOO 1 0.222 0.011 0.024 ::Q.012 Q.01 0001 
23065 >125 µm analysis 
depth age comm 1 2 3 4 5 6 corr lltho 
cm ka 
o s• 2 SS l 0223 Q 116 :!!Qll 0011 QQQ2 QQQZ 1=56,5 bi:, 
22.0 185 1 Q222 QJ;l8 :!!Q13 0012 QQQ2 QQQZ 2=42,5 qtz 
65' 6.3Z Q223 om :!!Oil QQI QQQ2 QQQZ 3=0,7 dkss+qtzite 
lZ s• 2Z2 Q82Z Q±l oQn :!!QQ3 :!! QQ2 :!! QQ3 4=0,2 qtzite-dkss 
2QS' JQ45 I Q 261 026Z QQZ2 0022 QQI QQQ2 5=0,0 dkxlrk+ ltss +redxlrk+ ltxlrk 
23 5* !2 SS I QZ3:! Q63 Q 25:l :!! QlZ :l)QQ2 :!!QQI 6=0,0 chalk+ ltss-redxlrk 
265' H.Q2 l Q :!IS Q2QS QQZS QQ2Z QQ3 :!! Q28 
225* !S.16 I Q 243 Q%9 :!! Q:12 -OQQZ QQ!8 :!! Ql2 
3~ S* lfl:! Q Z2:! QQQ!l :!! Q3:l :llQQS QQQ! :!! Ql 
l6S' 1885 Q©l QZZ2 Q IQ3 :!! HS QQQ2 Q 
32 s• 2Q42 l Q23:! Q 3:11 QQZS :!! QZ3 :(!028 :!!QQ3 
520 22.30 1 o 138 0282 :!!OQ5 0026 :!! Q:!4 :!!QQ3 
zzo 22.3Q 0052 022Z 0025 QOQZ QQQ3 QQ±l 
depth age comm 1 2 3 4 5 6 corr litho 
cm ka 
HQ S:!.Q3 Q222 0823 Q 113 Q.QQ3 QQ3Z Q.Q28 QQS2 1=50,4 bk:> 
!SQ 521' Q.228 Q.QS8 Q226 Q.Q23 o.QQ6 QQH QQ:!Z 2=45,5 qtz 
162 65 22 Q.228 Q.82/l 0136 QQII :!! Q32 QQl2 Q.Ql2 3=2,9 dkss+ltss 
l8Q Z4.3Z 1 Q.28! Q.122 :l).015 Q,Q'2 Q.01 Q.QQ2 4=0,9 ltss-dkss 
l2Q Z246 I Q2Z!l Q IZ2 Q.118 Q.008 QQH Q.QIZ 5=0,1 dkxlrk+coal-ltxlrk+spic cht 
2QQ 1Q3.54 0222 Q.25Z Q283 :!! Q:!8 :l)Ql(i QQQ! :l).QJI 6=0,1 redss+ ltxlrk+dkxlrk 
202 106.BQ l Q.222 QQl6 QQH Q.Q18 Q.QQ8 :l).QQZ 
218 l !Q.Q6 1 1 0 :!!Ql2 QQQZ O.QQ2 :l).QQ:! 
m IIZ,Z1 Q.228 :ll.Q5l :l).Q23 Q Ql8 Q.QQ3 :!!QQ6 
248 125.41 Q.222 :!!Ql2 :!! Q2Q Q.QJl QQQ5 :l),oo6 
256 1262:! Q.22Z Q 532 Q822 :l).JQZ :l)Q82 :!!QQ3 Q.Ql3 
m ]28.QQ Q228 QO(i! Q855 Q 513 OQQ6 :!!QQI QQl2 
281 122.36 Q.228 Q.Q5l Q262 :!! 12Z :llm Q IZZ :l).QII 
m 13Q8Z Q.222 Q.QS:! Q2ZI :!!!M :!! IQ3 0.Q2 QQ36 
222 1312l 0.224 Q l5Z Q 2ll :ll.QZ5 Q.026 :!! Q2Q :!! Q38 
311 1332:! 0222 QQ(ij Q,2QI Q:!2Z Q.OJZ Q,012 :!!QIZ 
320 135.IQ Q228 Q.ZZ2 Q 526 Q 333 Q.QQI QQQ3 :!l,Q35 
332 13Z68 Q.226 Q822 Q.ll2 Q 251 QI :l).QQ2 QQQ8 
3:!2 13283 Q.228 Q.Q55 Q.282 :!!lll :!! Q5fi 0.012 :l).Q:!j 
342 HI 3l 0222 Q 151 Q2fi5 :!! lrifi :!!Ill :l).Q22 :l).Q62 
363 11823 0222 Q QSS Q2Q8 Q Q:18 Q:!11 :!!QQ6 :!!QQZ 
370 15168 0228 Q.23Z Q.251 :!! I !iZ :l).Q88 :(!023 :!! Q3Z 
381 15ZJO Q22Z Q.Z24 Q.58l :!!118 :!! Q62 :!! Ql5 QQl3 
32Q 152.2Q Q222 Q45Z Q886 Q02 :!! 023 :!!QS2 :!l,Q38 
325 16115 Q.222 Q.S:!2 Q.Z8!l Q 223 :(!.OJ :l)Q22 QQIZ 
:!QS lri:!56 Q 222 Q.22! QJ Q.QZ2 Q Q:!2 :l).QQS QQQ5 
420 16222 Q.222 Q6ZZ Q,Z28 :!! Q32 :!!QZ3 :!! QS4 0.02:! 
4lQ m33 1 Q.Q(i3 Q.25:! Q232 Q.15:l :!! 015 Q.Q2 
:!lZ !Z:!.SQ Q.228 Q.Q56 Q.258 Q 2Q:! Q.182 Q025 QQl8 
:!52 1Z216 Q22Z Q.QS2 Q28fi Q.112 QQ61 :l).Q56 :!! Qll 
:!58 181.Ql Q228 QQ(il Q268 Q.22 QQS3 :l).QZl :!!QQ3 
:!7Q 184Z6 l Q.227 Q.QZ:! QQQ5 :l).Ql3 :!! QQ:! Q.QQ8 
48Q 18286 1 Q.222 :l).Q26 :!! Ql5 Q.QJ3 Q.QQJ :!!QQZ 
depth age comm 2 3 4 5 6 
cm ka 
:!2!l l2Q.2Z l Q.!ll) :!lQ2Z :!).Qll QQlZ QQQ3 :!l QQ!l 
5QQ 12100 I Q!ll) :!lQ33 :!l QQ!l Q Qlj QQQl :!l QQ!l 
23071 >125 µm analysis 
depth age comm I 2 3 4 5 6 corr lithe 
cm ka 
Q 5' I.SQ QQZ5 Q22Z QQI Q QQ!l Q !lQl Q QQ2 J;57,7 qtz 
l 5' 2.5z QQ:!ll Q222 QQll QQJ Q !lQj Q QQ2 2;39,6 bi:l 
2 5' HZ QQ:!Z Q222 QQJ3 QQJ2 Q !lQj Q !lQl 3;J,7 dkss+ltss 
12 5' 512 QQ55 Q228 QQll Q QQ8 Q !lQl Q !lQZ 4;0,6 qtzite 
JS 5* 6Zl QQZ4 Q22Z Q !lQ2 QQH Q !lQl Q QQ2 5;0,2 phyll+ltss 
16Q' 621 Q:!21 Q 868 :(!Qll :l!QZI :(!Ql2 :(!Ql 6;0,1 ltss-phyll-dkss 
21Q' Z.2Z l Q2i1 Q27~ Q QQ5 :l!Q2Z Q Q QQ2 
2l 5' Z51 I QQQQ Q228 QQll Q QQ6 Q !lQl Q QQJ 
265' HQ I QQ2l Q226 QQQ2 QQQI Q QQ2 Q QQJ 
32 5* §.l2 Ql Q225 Q !lQ2 :(! !lQl Q QQ2 Q 
35 s• 862 QQ55 Q228 QQll QQQB Q !lQl Q QQ2 
38 5* 828 QQ8:! Q226 QQI Q !lQl Q QQ2 Q QQI 
415' nz I Q 215 Q276 Q QQ2 :ll Ql5 :(! QQ2 :(! !lQl 
55.Q 262 022z Q224 Q075 QQJZ QM1 QQl1 QQl6 
6l.Q JQ.4Q Q222 Q22l QQ71 QQH :(! !l26 :(!Ql6 :(!Ql 
ZQQ !LQ8 1 Q 2:!Z Q ll6 Q 142 :(!QQ2 Q 252 Q !lQl 
BQQ 12.Q(i Q228 Q281 O ll Q lll QQlZ :(!Ql8 :(! QQ:! 
82Q ll 15 l QZ2l QQIZ Q6QZ QQl :ll QQI :(!Ql2 
24.Q lJ.82 Q222 Q225 Q !l21 QQ18 QQll :ll QQI :l!QH 
101.Q J45Z 1 Q 8Z2 :(!Ql4 Q4Zl :l!QlZ QQ28 QQQ5 
IQ6Q IS QZ Q 222 Q226 QQ7J Q QQ2 :(!Q16 :ll Ql2 :(!Q12 
lllQ 1s.z2 Q 222 Q222 QQll :(!Ql QQQl :l!QH :(!Ql2 
121Q 16.46 Q 222 Q288 Q 142 -OQ28 :l!Ql5 :(!QIB Q QQJ 
BQQ 16-22 Q228 Q2Z Q2l4 QQQl QQ:fl QQQ2 Q QQ2 
HQQ 1Z.Z5 Q228 Q2l Q4Q2 QQ12 QQSi :(! QQ2 Q 
lSl Q 18.55 0228 Q2Sl Q22l :(!QOZ :l!Q51 :(!Q21 :(! 0.2 
j6QQ lBZ2 Q 222 Q658 QZll QQS2 Q 162 QQl5 QQl6 
IZQ,Q 2Qll Q 222 Q 6:15 Q Z:!2 QIH Q llZ :(! QQJ :(!Q25 
18QQ 2Hl Q228 Q2l5 Q lQl QQ6l Q ]QQ :(! QjQ :(!Ql2 
181.Q 2166 Q222 Q 281 Qm QQ58 QQ6 :l!QJZ :(!Q2 
123.Q 22.18 Q225 Q:Z:Z2 QSZ6 Q IQ8 Q 2Q2 :l!Q!S :(!QQB 
2lQQ 2l l5 Q222 Q26 Q26 QQJi QQ21 :(! !lQ8 :(! !lQQ 
221.Q 2HQ Q 222 Q24l Q lQ2 QQ1 QQ22 Q QQZ QQ22 
2lQQ 2441 0 22Z Q(ifil Q62 Q Q2:! Q 212 QQJZ QQ2 
2:!Q.Q 25 Q2 Q 228 Q 521 QZB:! Q ]Qi Ql25 Q !lQQ QQl6 
251 Q 258:! Q222 Q2M QQ2 Q Ill QQii QQl2 QQ22 
2filQ 26:15 Q22Z Q225 QQZl Q !lQZ :l!Qll :ll Q2l Q QQS 
2,Q.Q 2Z ll l Q228 QQ6 QQQl :(!Ql8 :(! QQ2 QQJ6 
2Z:!Q 2Hl Q222 Q2Z2 Q22:! :(!Q2Z :l!QSl :ll Ql2 QQH 
28QQ 2282 Q 228 Q222 Q IQl :(!!)15 :(!Ql :ll QIZ QQQ2 
depth age comm 1 2 3 4 5 6 corr litho 
cm ka 
12Q 6:l Q2 Q222 Q2QB Q 322 Q.QQ:j QQBI Q.Qi!S Q.Q2 1:54,2 00 
122 62.Sl Q222 Q a2a Q12 :llQQ2 Q.Q2l :ll QI I Q!fil 2:40,8 qtz 
SlQ 62 5 Q223 Q282 Q131 Q.QJ2 QQ61 Q.02 QQZ2 3:4,1 dkss 
s;m 1221 Q2B6 QHB :!)QI QQSZ :llQl2 QQll 4:0,4 qtzite-dkxlrk-ltss-redxl 
SJQ 1122 Q222 Q231 Q 312 QQZS :l).QJ:j :llQlS :llQ56 5:0,2 ltss-dkxlrk 
536 165:! Q222 Q.2a1 Q IB1 QQS6 :ll QQ:j QQQJ :l)QJ 6:0,2 dkxlrk+qtzite+redxlrk+ltss 
+ltxl 
544 1BZI Q.222 Q22Z Q.QJ1 QQ2l :ll!l:!5 Q.Q3 :l).QQ1 
558 22 Q.222 Q2Q1 Q.38 Q.m :ll!l:!5 QQZI :llQIB 
Sfil 2B1 Q222 QBZZ Q16, Q 126 :llQ1l :llQll :l).Q6Z 
515 2618 Q.221 Q2 Q:m Q 111 :llQZS :l).Ql :l)Q±! 
SM 2aas Q.225 Q211 Q.112 :l)QQ:j :l).Q21 :l).Qfil :l).QJ 
526 IQl Z2 I Q26a Q IB6 Q IQ6 :ll QSB Q 112 Q.Ql3 
6Q:! IQZ.;rn Q22B Q.2J1 QJQI Q.Q12 QHl :l).Qll Q.QS2 
!ilQ 1Q2.2l Q 222 Q.212 Q 32 Q Q22 :ll lQI :llQlZ :l).Q!i2 
6?Q m21 Q221 Q.216 QQZl Q l2l :llQlZ :l).QBl Q Ql!i 
631 111.!i I Q.2!la :ll ll1 :l).Q31 :ll !l:!l :l).Ql :ll!l:!1 
!ili 12Q1 Q.221 :ll Ill :l).QJ1 :l)Q4l :l).Qll :l).QS 
!:iS:! 123 Q2 Q222 Q.282 QllZ :ll!l:!l Q QZB QQQ1 QQIB 
!:i!iQ 12i.a1 Q22B Q.145 Q.2az Q.Q:!l :ll QQS :llQZ1 Q.QQS 
6ZQ 125 12 Q222 Q.255 Q26:l Q.QJ2 Q.QJ1 QQl2 Q.QZB 
6aQ 121 fil l Q.201 Q.21a Q Q22 Q.Q21 Q :ll.QlB 
!:i2Q !lQ,15 Q.22!:i Q.144 Q2BI Q.Q:jz Q.OM :ll!l:!4 QQ:j 
624 Ill H l Q.12 Qfil1 Q.122 Q.OQ1 :llQ!i2 :l).Q:!2 
1QI maz I Q.148 Q2a1 Q.Qll QQ31 :l).Q,!i :ll QJS 
11Q !JS.I Q.225 Q.256 Q26l Q.Q2!i :l).Q,l Q.QQS -0.QJl 
122 13BQ1 Q.222 Q.!Sl 06a1 Q.100 -O.QQ1 QQ!:i!i Q.Q:!6 
13Q HQQS Q222 Q J42 Q.2J1 Q.QQJ :l).QJZ :l)Q1 :ll!l:!B 
1l8 142 12 Q222 Q,l:!1 Q.21 QQSS :ll.18 Q.Q21 QQIB 
14J 14345 Q22B Q.!Sl Q.266 Q.1a :ll.QSI Q.Q1l Q.QQ, 
148 144.Qll Q222 Q lfil Q252 Q.2,1 Q QQl Q.QJ1 :l).QQJ 
15!i 11611 Q222 Q 111 Q.21§ Q28 :l).QlS Q.QJS :ll QQS 
1!:il Ha 55 Q222 Q16l Q 612 Q.QJ1 Q.QJ2 QQ12 QQJ 
23342 >125 µm analysis 
depth age comm 1 2 3 4 5 6 corr litho 
cm ka 
o• 2 SQ Q 2ZS Q 2ll ·QQQS -QQH Q QlZ 0 1=55,6 00 
l' l lQ Q 21Z Ql Q lll Q QQl ·Q 02z o QQ2 2=42,0 qtZ 
6' l 20 Q 262 Q 257 Q Q82 Q QIS -0 002 -0 Qll 3=2,00 dkss+ltss 
2' HQ Q 2l2 Q 281 Q 216 QQH -0 055 ·Q QQ6 4=0,1 qtzite+redss-lrss 
11• 5 lQ Q 2Q6 o l62 Q 122 Q QQ:I ·Q Q:18 ·Q QQ8 5=0,1 dkxlrk +redss + ltss-dkss 
l 5* 6 00 Q 2Z2 o rn ·Q Q2Z ·Q 012 Q 025 0 6=0,0 redss-dkxlrk-qtzite-redxlrk 
lB* 8 6Q Q 221 orn ·Q Q:1:1 -0 ooz o QIZ ·Q QQl 
8 226 Q 2BI 012 ·QQIB ·Q Qll Q 03 ·Q QQB 
21 • IQ 10 Q Zl Q 66B Q 2]] Q Q3l ·Q Q2 Q QJ2 
25 lQ.88 Q 422 0 817 om -0 006 Q Ql2 Q QQ2 
30* l l Z6 Q 222 Q 528 Q 831 om Q Ql ·QQ6Z -0 00:1 
:IS H2i Q 222 ·QQH Q 22B -oooz Q 031 ·Q Qll -o 02z 
SS l!iQQ Q 222 Q 535 Q B:13 0022 -0 03z ·QQH Q 028 
zs 20.10 Q ZS6 Q6:IS Q Q26 Q lQ2 ·Q QQ8 Q OOj 
BS 22 60 o 505 0 657 00:1 ·Q Q2Z o 006 Q 005 
25 24.8Q Q 222 Q l2Z o 2Z2 -0 001 Q 022 O 012 -0 035 
105 27.QQ O lQl 0 2J7 .o OS:! -0 006 Q 02 o 032 
depth age comm 1 2 3 4 5 6 corr litho 
cm ka 
12:i (11.42 0.222 Q i!lZ QZil :!l2Q2 :!).Oji Q !Qi :!lQ28 1=63.S bio+dkss 
,1:i 6ZH Q.222 Q.2Zl om :!l 131 QQi2 Q.Q:!1 :!lQ3Z 2=31,4 qtz+dkss+ltss 
l4:i 82 32 Q 228 Q.23:Z Q:312 Q.Q32 Q.Q33 :!l Q2:i :Q.Q3!i 3=1,9 dkss+redss-qtz-bio 
,ss 26 :i2 Q,223 Qi28 Q.8li -0.122 :Q.Q8B QQZI :Q.Q21 4=2,0 ltsS 
2!ii 1Q3.Zl Q.222 Q 2!il Q.2Z3 :!l QQ:! Q.Q2 -O.QQ2 QQQZ 5=0,9 redss-dkss 
lZi IIQ.Z2 1 Q.2Z3 Q 12Z :!lQ!i3 QQ:12 Q.Q88 :!lQIZ 6=0,l dkxlrk+ltxlrk 
28:i Im IQ Q222 Q2i2 Q.2Ql Ql81 Q Q!iz QQ3i Q Q:Jl! 
225 123 iQ Q222 QZ1 Q.28 QQ28 Q iZI QQ2B Q 
30:i 125.z5 l Q 25 Q21i Q 2B!i Q Im :!l Q(i:I :!l,Q2 
31z 12a.z2 Q.228 Q.23!i Q2:IZ :!l Qi! Q 12:i QQiZ :QQ:12 
335 m22 Q222 Q.2:i5 Q.248 o.m Q.Q:l!i :!lQ!il :!l Q:ij 
345 13MZ I Q23!i Q.2:!Z Q.22 :Q.Qj2 :!l IQ3 :!lQ33 
375 H2Z:! I OBQ2 o 261 :!lQQ2 0.055 Q:ill :!l QQ:i 
385 l533!i Q.228 Q23 Q33!i :!l,IQ3 Q.QB!i QQ3!i :!lQ3B 
325 lj6.22 Q.222 Q2!i!i Ql:H QQ!i!i :!lQQ2 :!lQIB :!lQ22 
:!Q5 l(iO.(il o.22z Q.2;12 Q 3:l!i :!l 12:1 :!l Q:IZ QQ!i :!lQQ3 
415 l!i:i 23 Q.2:18 Q3QI :!l Q21 QQli QQQ!i QQ3i 
435 !Zl.48 Q222 Q.Q!i3 Q2!i2 :!l Q81 Q2Q2 Q Q!il Q Q3!i 
445 JZ5JQ Q222 Q 332 Q.22:i :!l!l:! :!l Ii QQI QQZll 
4ii 1Zi!Z2 0.222 Q.222 o.m :0 .• 21 :Q.Q3 O.Q!iz QQii 
4!i5 18235 Q222 Q23!i Q 3:13 :!l Ql2 QQ28 Q Q!i3 Q.QIB 
:175 IB!iQQ Q.222 Q.25:1 Q283 QQ53 Q.QZ :!l QQ!i QQ2 
4Bi 121.52 Q228 Q253 n!lZ :!lQ!B :Q.QJ2 :!lQQ2 QQBI 
:125 12z.1z Q228 Q,3:H Q223 QJSjl :!l QJ;I :!l Q!i:i QQl3 
SQS ;m2z!i Q222 Q,123 Q2Z!i Q.QQ2 :!l Q28 :!l QQ5 :!lQQZ 
23357 >125 µm analysis 
depth age comm 1 2 3 4 5 6 corr litho 
cm ka 
Q* 2.SQ l Q 572 :!lZ82 :!l2Q2 :!lQ3 Q QQZ :!lQQ2 1=52,0 qtz+qtzite 
3* :! 53 Q221 :!l255 :!lQH :!l QlZ :!lQQS :!l !l.2 2=46,4 00 
lQ 5 21 Q 212 :!l2&i Q 12:l :!lQZZ :!lQQQ QQQ2 3=0,8 dkss 
6* 6 '.iZ Q222 Q:l26 :!l852 :!l 162 QQQB QQ3Z QQlZ 4=0,6 qztite-qtz 
2* 8 6Q l Q 22Z :!l251 QQ15 Q Q35 :!l Ql3 :!lQQl 5=0,1 ltss 
12* 2.SQ Q(i(i3 :!lZ35 :!l 131 :!lQ2' :!lMl :!lQ31 6=0,0 dkxlrk+redxlrk+ltxlrk 
15• 10.28 l QZZ!;i :!l622 :QQ6 QQfil QMZ QQQ2 
21* 13.© 1 Q28l :!lQ28 :!lQ:lS Q l5Z :!l Ql2 :!lQlZ 
3Q* H Q3 Q22:! :!l 381 :QQQ5 QQ31 -QQ2 :!lQQ8 
48 H2Q l QZ83 :!l ©l :!lQ5:! :!l Q21 Q 113 QQQ! 
sz !5,Z8 Q253 :!l 251 :!lQ6Z :!l 155 :!lQOS :!lQ12 
6Z 12.22 Q 835 :!l S:!2 QQ53 :QQZ4 :QQ16 QQQS 
Z6 23.11 l QZ12 :!lZQl QQ12 :!l Ql8 -0 Qll QQQ2 
85 2Z.QQ l Q 8Q2 :!l 526 :QQQZ :!l00:4 QOll QQ22 
2Q 3Q 56 1 Q855 :!l 51 QQ36 :!lQ8 QQQ!;i QQ31 
lQQ 3Z6Z 1 QZS -0 (i:l2 :!l092 :!l 127 QQ32 Q 
depth age comm 1 2 3 4 5 6 corr litho 
cm ka 
115 4833 Q.855 Q,SQS 0.1]7 -0.002 QQ28 Q.008 1=66,3 bio 
125 55:l4 Q.222 Q.653 Q7:!8 :QJO!;i Q Q44 :!l Ql:! QQQ7 2=28,3 qtz 
135 652. Q.222 Q.655 Q 516 -O.Q4 Q.QQ8 :!).QQ§ Q.QQ2 3=4,7 dkss+ltss-qtz 
145 7834 0.222 Q.251 Q.3Ql O.QSS Q.021 :!lQQ2 Q.Q21 4=0,5 ltss-dkss 
155 23.Q2 l Q.222 Q 378 -QQ37 Q.Q66 Q Q2:! Q.QQ8 5=0,1 dkxlrk-redss+qtzite 
165 1Q7.70 Q222 0288 Q.132 QQ32 -0.042 OQSl Q.Ql4 6=0,1 redss+dkxlrk+ltxlrk 
175 122.38 l Q.225 Q.Q77 QQQ7 :!lM6 Q Q28 :!lQQ2 
185 125.QQ Q222 Q.2l!;i Q.238 Q.26 :Q.Q" :!).Ql5 :!lQ63 
125 131.22 Q.226 Q.2QS Q 3Q5 Q.28 Q.052 Q.QQ3 Q.Q;l8 
2Q5 J37Q7 Q.222 Q.562 Q565 Q 527 :Q.QQ3 :!lQQl :Q.QQ2 
215 l:!:! l l 1 Q lZS Q.271 :!l 157 Q.M Q QlZ :Q.QQ6 
226 l5l,2Q Q721 Q586 Q.138 Q.JQ5 Q 004 QQI 
235 157.QQ Q.222 Q.§12 QS:l6 Q Q87 Q.151 Q.016 :!).Ql:! 
245 l6H:! Q.222 Q822 0316 Q27 Q.!7:l :Q.QH Q.QQl 
255 162 82 l Q832 Q.414 Q 312 QJ46 Q.QQJ QQ,2 
26:j lZ562 Q.228 Qm Q.26 Q25 Q.QQ8 :Q.Ql8 Q.Q&;i 
275 182.78 l Q.271 Q.J:l! Q.187 :Q.QQJ :!lM6 :!).QQB 
;ms 18282 l Q.2]2 Q 328 Q.2]2 Q.Q44 :Q.Q27 Q.QJ 
225 l2H5 l Q226 Q.336 Q.)58 :!lQQ5 :!l QZI Q.QQ2 
305 2Q5.Q2 1 Q.221 Q.032 Q.111 :Q.052 :Q.Ql8 :!).QJi 
23454 >125 µm analysis 
depth age comm 1 2 3 4 5 6 corr litho 
cm ka 
Q Q QQQi Q225 Q,JQl :!! QQ] QQ]Q :!! QIZ 1=28,6 dkss+qtz+kss 
i ]2l QQQ2 Q226 Q.Q8i :!!~ QQ]Q :!! QJ2 2=39,6 lil 
lQ 2.4Z I :!!.QQ2 Q226 QQ2 :!!.QQ2 QQIZ :!!QJ2 3=31,0 qtz-dkss 
li HI l QQQZ Q22Z Q.QB Q QQll :!! Q2 4=0,4 dkxlrk 
2Q 4 2:l QQ:12 Q22:i Q.Q22 :!!.!lQj :!! !lQl :!!QJQ 5=0,3 ltss+qtzite-dkss 
25 Q 18 I Q Z:16 Q.386 Q j2Q Q QlZ :!! 12:i QQ]2 6=0,1 qtzite-ltss 
lQ zz2 l QZ2l Q.JJZ Q 512 Q lQ:! :!! QJZ :!! !lQl 
li Mi Q.213 QQZ2 Q 321 :!! QjQ :!!Q:!l QQl 
4Q 282 Q8ll :!!QH Q iQQ :!! Qli Q 222 Q!lQi 
:ii l].ll Q222 Q.i2l :!!.Qli Q8Ql QQQ:! :!!.QQ2 QQ! 
SQ 12 JQ 1 Q.Z2:i QQlZ QQQQ ,Q.Q2l :!).Q2Z :!! !lQ2 
SS ll.Q l Q l6l Q 225 Q.!l!li :!! !lQ2 :!!Q]Q :!! Q22 
6!l ]382 l M:!8 Q.2:!S Q Bill QQZZ :!! !lQ2 Q Q:!l 
65 !Ml I Q.JZi Q.1Z2 Q2Q2 :!!.QQS Q.Ql :!!Q22 
ZQ 14.25 l Ql86 Q iZZ Q.Z2l :!! !lQl QQlZ QQ12 
zs ]4.47 MlZ Q2QQ Q862 :!! Qll :!! !lQi QQ2l 
8Q l:168 Q222 Q.223 QQQ8 Q lZ2 :!! Q:! Q.Qj :!!Qi 
85 H2 Q.222 Q.282 QOOZ Q liZ :!!Ql2 :!! Qll :!! Ql:i 
2Q lZZ2 Q222 Q :lll Q.558 QZQl :!!QQQ :!!.Q:!l :!! QQ2 
25 2Q.2i I Q.232 Q88l 0.4Q2 Q.QQ8 QQll QQ28 
j!lQ 2328 Q2QZ Q,252 Q2,2 :!! !lQi Q !lQl Q Q:12 
!Qi 2Z Q 581 Q64 Q,:!2l Q QQQ QQ26 QQ2 
llQ 28.Qli Q.26:I Q828 Q.:!21 QQ2Z Q !lQi Q Q:12 
115 22 ll l Q 183 Q S!iZ Q:i62 :!! !lQl :!! Ql :!!Qll 
j2Q ;\0.2 l O ll2 Q.i!ll Q,Z4) :!!.Qj2 :!! Q) :!!QSZ 
depth age comm 1 2 3 4 5 6 corr litho 
cm ka 
l!lQ liM:l Q222 Q.82 Q:!i :!!QSS :!).Q2Q :!!QIZ QQ2l 1=54,5 qtz 
lQi 62 i6 Q222 Q.2Q8 Q 321 :!! 100 :!!QZl :!!QH :!!Q2l 2=43,l dkss 
l]Q ZQ.28 l Q 2l Q 36 QQ2:i :!).Qjj :!! Qll :!!Ql6 3=1,2 ltss 
llS Zl Q.222 Q.2il Q22 :!!.QZ :!).Q2l :!!Q22 :!).Q2j 4=0,6 micasch 
l2Q Zi lZ Q.226 Q 82:l Q:i:!2 QQ2 :!!Ql8 QQQZ :!! !lQQ 5=0,3 redss 
l2i Z22S 0222 Q.SZ! Q 81:l Q JQ2 QQ2l :!! QQ:! :!!QI 6=0,1 dkxlrk+redxlrk 
llQ !l:!88 1 Q Z:!:! Q 266 QQQB Q,Q:18 :!! !lQ6 Q.QQ:! 
llS 2Q iZ Q S6l Q.823 Q.QQZ Q.QQ:! :!).QQ2 :!!Qll 
l4Q 2Z.Ql QZBS Q6lZ Q Qll :!).Q24 :!! Q2] :!!Ql6 
l:!i lQl S:! l 0668 Q Z:!l :!! Qll Q.Qj] QQ2l :!! !lQl 
liQ !Qi.36 Q22Z Q ZQZ QZQi Q Q:16 :!! QQZ Q QQ2 Q.QZ:! 
lSi lQZJZ l Q 2Q2 Q:!ll :!).QiZ :!! Q:!:i :!! !lQ2 :!!QQ2 
lQQ JQB.28 Q.222 Q.385 Q.2JZ Q.Q24 :!).Q2j Q.QQJ Q QQ2 
365 11QZ2 Q.3QZ Q2Sl :!! QQl Q.Q]l Q.Q2 :!!QIZ 
lZQ ]IQ 58 Q.S8i Q8l :!!.Q22 :!! !lQZ :!! Q2l :!!Ql8 
lZi mi8 Q222 Q 825 Q:i:! :!! Q:12 QQQB :!).Ql:i QQ2S 
l8Q ]23.Q:! Q.222 0666 Q.Z:ii :!).Q2Z Q.QJZ :!!Q2l Q QQ:! 
l8i m62 l Q.241 Q.312 :!! Q2l :!).QJ:i :!!.Q:12 :!!Qll 
l2Q H:i l:i Q222 Q8Q2 Q 52:l :!! Q:i:! :!! Q2l :!! Ql8 :!! QQI 
l2i 125 Q.222 Q 128 Q21l QQ:!Z :!!.Q:!l :!).Q]l Q 112 
4QQ WiS Q Q6 Q 22l :!!-QZ6 :!!QIS :!!Qi2 QQ22 
depth age comm 2 3 4 s 6 
cm ka 
:lllS Pe 0.4'2 0 'l!ll O.Q:lj -0.0'2 -0.0' :!!0'3 
:j]Q P215 l 0 :ill Q.j7!) 0 118 :!!-!l22 Q048 :!! 035 
:115 l3Q3 Q.222 O Z1l Q.52' Q?H :!!081 0.007 :!! 0'1 
1'0 l3HS 0222 0.82 M32 Q.08 -0 Qj] 0.06 -0.018 
:I'S l32 Q l Q.2e Q 182 00'2 :!! Q27 QQj7 :!! 0]7 
:!3Q 133 :ZS Q2l1 Q38j QQ76 OOJj :!! Q12 :!!-Q:lI 
:135 1312 l orn Q.832 -0.Q'l -0048 O.Q03 -OQ31 
11Q rn\.QS 1 Oj.47 Q.822 0.0'7 -O.Q47 -0 OJ -0 025 
115 l3I2 O.s.i8 QSQQ Q.152 -0 Q'3 0.007 O QQ1 
150 138 35 Q.227 Q.~i, 0141 -0 OOj -0.033 0051 Q032 
:155 1325 0224 0.282 0]62 -0.038 -0.0jj -OQ]J :Q.OOJ 
:jQQ HQ C!!l Q222 Q.841 Q1(1, 0 2~8 0065 Q.Oj2 O Q8J 
1!i5 HJ.81 0222 0.818 OS(tl 0016 0.008 -0 037 0.086 
:!IQ H' 2!l l Q.J2!l Q.278 -0.073 -0.007 OO]l -0002 
:!IS H:i II 0228 0212 O.J6> 0.006 0 102 -0.0]7 0.]42 
~Q l!IS Z!l 0.225 Q.284 002] -0.023 0.P2 -0.0jl 0.015 
~5 H6.4J 1 0871 0:148 0 ]6] 0.086 -0.012 0035 
12Q H75!l 0222 O.OJ Q225 -0.023 -0.0'6 0.005 0.00] 
125 HPl Q 22§ Q.712 062] 0.07l 0.086 -0.0'2 0.018 
SQQ H2§2 Q222 0.7'1 Q !277 O ll' 0.07~ -0 O?l -0008 
SQS 151 OJ 0631 0.173 -0.067 O.OOj -0.002 -0.0]l 
510 ]52.16 0."3 Q.27] -oo6a 00j6 -0.Q'l 0.002 
515 153 31 l Q2]6 O J86 -0 Q23 QOH :!!0:12 ·Q.OJJ 
520 15:i 1!i 0222 0221 O lll O QJ7 0 00' 0.052 -0.02j 
525 155 61 O 228 0.84' 0.4i7 0.162 0.167 OOJj O.Oj6 
530 JS6I6 0222 0§]8 0 :!76 0.0]' 0312 -0.0Qi -0.0J J 
535 15121 0222 0.748 0.6]7 O.Q27 0. )) l -0.075 -0025 
5:10 152 Q!l 0222 0 6'3 0.77'.l 0.086 0.06,] OOlj -00]1 
515 j(l0.21 0222 0.26] Q,IZZ Q.2 o.or,3 Q.01 -0.007 
SSQ l6J.3Q 1 0.4§2 O.RM 0.018 0.l 'l O.Oj6 -0007 
555 162.Sl 0222 OA7J 0.87) O.IOj -O.O·i6 003 -0 OJ:! 
560 163.66 0228 OI76 O.j 18 O.}:i<-i O.Q2 O.O'l 0 001 
565 l{i:18] l 0.57' 0.804 0134 0Qj8 0062 0.01§ 
SZQ 165.2!) 1 Oj]l 0.8jj 0.07j -00, 00]6 -0016 
SIS 16I 12 0228 0 33] 082' Q.1 l) 0.!6l 0.076 0.0'2 
58Q 168lI O.JO] 02'2 0.187 0.061 008,i -0.0P 
585 ]62:i? Q.225 Q,275 0.127 0 0.06/ 0.0!8 O.OJ 
52Q l2Q SI 0222 0.808 0.55' 0.1'2 Q.O] J o JS·i -0.0Jl 
525 rnn l 06]7 0.751 O llj -0 0' 0.105 ·Q.0'8 
60Q 127 81 O 222 Q.831 0.445 0.06l 0.0> I o lF O.QO' 
QQS ]7:j_O? 0.228 08'3 0-517 Q.'07 0.00(1 -0.0P -00]7 
!llQ 125-12 0222 0222 O 523 0082 0036 -0.007 -0.01 
!llS !I!l 32 0226 0 77] 0.6]2 0.]]4 -OO·i2 O OJ 0.048 
!)?O JIH7 022 0.816 0.551 O OJJ 0007 0.0]1 O.OJ] 
23456 > 125 µ,m analysis 
depth age comm 1 2 3 4 5 6 corr litho 
cm ka 
Q Q I Q.2ZZ Q Q!! Q 125 :!l QQZ :!l QQ2 :!l QQ!i 1=53,5 Ii:, 
5 Q8 Q218 QQZZ Q 12:l :!l QQi :!l QQ3 :!l QQ5 2=27,6 dkss+qtz+lts.s 
lQ 12 Q2Z8 QQZi Q 122 QQQl :!lQQB :!lQI 3=18,0 qtz-dkss 
15 21 Q.281 QQQ:j Q ]81 :!lQQZ :QQQj :QQQ!i 4=0,7 lts.s-dkss 
2Q l2 I Q 285 QQii Q l!tl :!l QQli :!lQll :!l QQ!i 5=0,2 qtzite 
~5 :! l Q.281 QQiZ Q,]22 :!l QQQ :!l,Ql3 :!l QQ!i 6=0,0 dkxlrk-redss+lodrk 
lQ 48 1 Q.286 QQi2 Q 151 :Q.QQ2 :!l Qll :!l QQi 
35 5(i Q28Z QQiZ Q lil :!lQQB :!l Qll :!l QQZ 
:IQ 6.4 I Q286 Q.Q67 Q 151 :!lQll :!lQII :!1001 
:Ii H 1 Q 8l8 Ql8l Q.385 :!lQ .. :!lQl2 :!l Qj6 
so 8 Q222 Q.255 Q.2:12 Q,JZ6 :!l 1!8 QQl QQl6 
55 M 1 Q j(i(i Q2 Q 32:l :!l Qi:! :!l Q51 :!lQI 
6Q 26 :!lQl2 Q28l Q ]25 :!l-ll8 :!l Q:iZ :!l Qll 
65 ]Q:i l Q Q2H Q.3Q6 QIH :!lQl2 :!l QI! 
ZQ 112 Q.222 :!l H2 Q 652 Q Z:il Q Q:i:i Q Ql6 :!lQli 
Zi 12 :!l 04l Q2l2 Q l8i Q.36l :!l QQ:i Q.QQj 
8Q 12.8 1 Q-128 0625 Q.2l8 :!l Q!!:i Q.123 QQIZ 
85 ]36 Q.222 Q,l8 Q :!Zl Q.Z22 :Q.QQ2 Q.Q(i :!lQQZ 
2Q llZ:I Q.222 Q 635 Qi:!2 Q ill Q.Q25 QQ28 Q Q:!l 
25 ll88 Q222 Q.4H Q42l QBQ2 QQI :!lQZI Q,QI:! 
IQQ 14.Ql Q.222 Q :Ill Q.,!14 QZBi QQQ5 :!l Q28 :!).QI! 
!Qi H18 Q.222 Q iZ Q:!l1 Q.ZQ] :QQ2! QQ28 :!lQl2 
jlQ Hl2 Q.528 Q (i(i2 Q:!li :!l Q7l Q.Qll QQQZ 
l l 5 1H6 Q228 Q 305 Q82i Q lQ2 :!l Qll Q Q!!I :!lQ21 
!2Q IHI I Q.66! Q :!2l Q 62 :!lQl2 Q.QQ!! QQ3:! 
125 HZ6 Q222 Q.813 Q46l Qlll :!lQ21 Q.QZ Q QQ!i 
llO H2 I Q2Zl Q ll:! Q 126 :!l QQ2 :!lQ22 :!lQQ2 
135 IZ2:! Q222 Q258 Q 218 Q 18 QQQ2 QQ26 :!lQQl 
HQ 2Q.2Z Q.222 0.8Q2 Q iQ8 Q.28Z :Q.Q!i QQ(il :!lQl3 
Hi 24 I Q.816 Q2:IZ Q.:!]2 :!lQ2l :!l QQi QQl8 
l5Q 25.Q2 Q222 Q~2 Q iQ] Q i.6.2 :!l Q2 QQl:! :!lQIZ 
155 26Q6 Q.222 Q.282 o 3Q4 Q.i:i :!l Ql:I :!lQ56 QQ22 
depth age comm 1 2 3 4 5 6 corr litho 
cm ka 
l:15 65.]8 0222 O j(i(i Q.2ll Q 3Q5 QQli :!lQ28 QQ:!5 1=45,6 Ii:, 
l5Q (i(i.2] Q228 Q 12:I 0282 :!l 022 :Q.QZl :!lQ25 o.osz 2=38,2 qtz 
l55 686 0226 Q 12] Q.211 :Q.QZ5 :!l !Qi :Q.Q3:! QQII 3=14,6 dkss 
l6Q z1 Q.228 0.285 Q.2l6 Q.112 :!lm Q.Qli :!lQl8 4=0,7 lts.s 
l65 ZZ.42 I Q22l QQ22 :!lQi :Q.Ql :!l Qll :!l Q:i:i 5=0,3 ltxlrk 
lZQ 8l8:I Q.222 Q22Z Q J6! Q.Q82 Q QQ!! :Q.Q22 QQll 6=0,3 qtzite 
lZ5 2Q.26 Q.226 Q6l2 Q 5Zl Q.5Q2 :!l !Q2 QQQZ :!lQZB 
lll!l 266Z Q.228 Q Z26 Q 51:i Q.J(iZ :!lQ56 :!l Q:!2 :!l Q:!Z 
385 JQl I 0.222 Q.2 Q.:!2Z Q.Q(iJ :!).QI! :Q.Qj :!l QI:! 
l2Q ]Q2 il Q.228 Q.Z68 Q625 Q !!:! :!l Q(i Q Ql2 QQQ2 
l25 115 26 Q.222 Q.812 Q:158 :!lQ2 :!l Q!! QQl2 :QQ26 
4QQ ml8 Q 222 Q2l2 Q.IZZ Q '81 :!l Q:! :!lQIZ :Q.QZ6 
:!Pi 12l Q.222 Q.26 Q.225 O l5Z Q.!lQl :Q.Q:!5 :Q.QJi 
:!IQ ]2362 Q222 Q2l8 om 02Q2 :!lQll :!lQl2 :!lQll 
depth age comm 2 3 4 5 6 
cm ka 
:ilS l':i 15 Q.228 0.2'8 Q]3 Q.315 00]3 QQ3] :Q.QQ:i 
:i'Q l':i 88 Q 222 Q 12 Q~ 0:156 -0 Q]8 -0.0]] :!l Qll 
:125 ms Q 222 Q 125 0.2Q2 O 32' OQiS 0.0'] -0 Q'2 
:i3Q l'!i 12 Q228 Q.S1ll 0 6? o S'6 -OQ':i -0.0':i -0Q'8 
135 l'!iZS l O!;i~ Q 533 Q :172 -Q QQ7 Q Q3] :!)0'2 
:i:!Q l2I 38 0222 0365 Q.822 021:i -0.Q31 0.]0' -0.0'l 
:i:iS 128 Q.222 Q IZZ Q8'!i Q.5'7 -0 08:i Q.OOi -0.012 
:!SQ l'2Z Q 228 Q 312 Q 837 O :136 :!l Qi6 -0.Q'l :!l 0:13 
:!SS l3l :il 0.222 Q.]22 Q.2'1\ Q.3Q7 -0.0fl] -000:i :!l QS!i 
:!@ ]33 ]2 Q.228 Q lZ:i Q.2:i:i Q'6:i :Q.Q73 :!lQ' .() Q] 
iiS l3H2 Q.228 Q.122 Q.8:IZ 0 :17:i :!l.J':i 0032 Q.Qi 
:iZQ l3!i53 Q222 Q ]78 Q zoa 0 678 0037 QQ!i O.Q:i 
:175 1382:i Q222 o.rni Q.Zi2 Q.612 -O.Q2 -0.0l] -0.01 
:i8Q 132 2:! 1 Q7QZ Q "85 Oh.H -00]3 O.OQ3 Q.Q6l 
:!BS Hl 2:1 Q.222 O.Si] QS'8 M:l -0.Q75 :!l 03:i O.Q13 
:!2Q H33i Q 222 0.86Z Q.:10] O '2] :Q.Qli :!l QQ2 OOlZ 
:!2i HSQ!i Q.228 0.2'l Q.16 03l3 -0.081, -OQ48 -0.011 
SOO ]4!i 16 Q.222 02'i 0]71 O.JJ7 ·0.065 -0 006 -0.042 
SOS l~:IZ 1 Q.82i 0.]2 0.32,t -0.Q"7j Q.QOj -0.0l2 
SIQ ]SO.]§ 02:ii 0 ?6] 0 12l -0.00ii 0.026 ·Q.Q" 
SlS 151 !l§ 0 22!J 0.208 OX,6 om 0012 Q :!l 03:i 
5'0 15352 Q.224 0.2Q7 0 ]fl:i Q.'361 -O.QQ6 QOZ O.QO] 
515 lSS l I Q.28] -0.107 -0.088 01]8 -0.Q" -O.Qi7 
530 ]57 Q.222 Q.24' -0083 -0.021 00]'.i 0308 -0.0]] 
535 lSBZ 0222 Q~ 0.032 -O.Qi7 0.037 -O.Q32 -0.0'] 
S:iQ llJMl 0.223 Q.811 0.002 0 55 7 -0.081 ~.OjJ -0.0lii 
S:iS 16'.]2 0228 0.862 0.164 0464 -OOO~ 0 -0.00] 
sso ]63-8? O 222 Q.162 0.704 0.67] O lil 0.03' -0.0>6 
SSS l!iS i3 0222 0.185 0.683 0.706 -0 013 O.OP -0 002 
560 l!iZ2:i 0222 0.842 O J6l 0.347 O.li4 -0.0J? ooa 
S!iS l!ia 2:! 022i Q liS Q2Q2 0 15i Olil 00]6 001 
SZ!l FQ !is 0.225 0.Iii Q.286 O.Oll OOl·i -0.0l] 0 002 
szs ]7236 0,223 Q.1:!' 02i1 o l:P O.] 1'} -0.0]l -O.Qi7 
SBQ l2:iM Q22a 0 ]37 O 28:i 0.08' -QQQ' Q 01] .() 07 
585 mZ6 Q271 o lS!i Q.2:12 Q.216 -0 Oli Q.QOi 0.025 
S2Q 171,:iZ 0.228 Q.J:i 0287 0.031 0.06> -0002 0012 
S2i 12218 1 Q 22i 0.0' .() Q2l 0 :Q.0'4 -0.0]' 
!iQQ ]80.88 Q.222 0.828 Ojj Q. 'll 0.]42 O.Q07 Q.]01 
!iQS 181 SB Q222 0.2,11 0Xi8 Q.061 0.07:i -0 012 0.]8] 
6]0 rn:1.12 l 0.241 0.478 0.&14 ·Q.027 -0.012 -000:i 
615 ]86 0.113 O.JOi 0.22l O.Qi] -0 O]l O.Oj6 
(i10 rn221 0228 02!_,2 0.123 O.O'l O.O'l -0.0·i] 0 ]8 
Appendix D: Depths of Henrich (1992) lithofacies in cores 23454 and 23456. 
Similar tables for the remaining cores investigated are to be found in Henrich 
(1992). 
23454 
depth facies depth facies 
0-22,5 A 462,5-472,5 c 
22,5-37,5 Bl 472,5-477,5 Bl 
37,5-42,5 B3 477,5-482,5 B2 
42,5-87,5 Bl 482,5-487,5 Bl 
87,5-112,5 B2 487,5-492,5 c 
112,5-122,5 Bl 492,5-497,5 B2 
497,5-502,5 Bl 
297,5-302,5 B2 502,5-507 ,5 c 
302,5-317,5 Bl 507,5-512,5 B2 
317,5-327,5 B2 512,5-517,5 Bl 
327,5-332,5 Bl 517,5-522,5 E 
332,5-337,5 B2 522,5-532,5 B2 
337,5-357,5 Bl 532,5-537,5 Bl 
357,5-362,5 B2 537,5-547,5 c 
362,5-372,5 Bl 547,5-552,5 Bl 
372,5-392,5 B2 552,5-572,5 c 
392,5-397,5 B3 572,5-577,5 B2 
397,5-402,5 B2 577 ,5-592,5 c 
402,5-442,5 Bl 592,5-597 ,5 Bl 
442,5-447,5 c 597 ,5-602,5 E 
447,5-457,5 Bl 602,5-622,5 Bl 
457,5-462,5 Bl 
23456 
depth facies depth fades 
0-17,5 B3 407,5-417,5 B2 
17,5-22,5 B2 417,5-432,5 c 
22,5-42,5 83 432,5-457,5 Bl 
42,5-52,5 B2 457,5-482,5 B2 
52,5-72,5 Bl 482,5-487 ,5 Bl 
72,5-157,5 82 487,5-547,5 B2 
547,5-557,5 Bl 
342,5-362,5 Bl 557,5-562,5 B2 
362,5-377,5 B2 562,5-572,5 Bl 
377,5-382,5 c 572,5-592,5 E 
382,5-397,5 B2 592,5-617,5 B2 
397 ,5-407 ,5 B2 617,5-622,5 B2 
Appendix E: Calculated values (mg/cm2/ky) used for mapping of coarse-grained terrigenous sediments 
• --" indicates that the Event was not present in the core due to nonsampling, nondeposition or erosion. 
Core 
Event 21906 17728 21910 21900 23342 23357 23059 23243 23244 23245 21845 21852 23353 23352 2319') 23065 
Present 40 170 140 .lO 290 260 
-
120 360 100 lJO -· ·- - - 10 
1/2 900 650 240 160 340 8.lO - 2050 - - 160 290 1180 - 700 -
2.1 9')0 310 280 280 610 590 590 1160 5.lO 170 160 180 370 280 630 170 
2/.l 
-
160 130 2.lO 400 7(,0 760 2•i0 220 180 .lOO .l.lO 530 550 470 480 
3.1 230 2(,0 2(,0 80 - 580 580 290 380 - 260 ·iOO 470 
-
170 -
.l..l - 240 - -· 100 l(,o IW 5(,0 -i.lO 130 - DO 180 220 580 -
.l/-1 300 140 60 - 3.lO 80 80 .l80 380 130 80 80 210 230 580 -
,1.2 500 2·'t0 180 20 380 20 20 60 .\90 HO 100 80 150 220 910 40 
415 - 220 80 100 190 10 10 140 190 290 60 290 60 150 380 -
5.1 10 1(,0 110 20 150 20 20 130 l'IO 70 40 60 50 70 320 220 
. ) 100 90 120 ·iO 170 120 120 1(,0 l.lO - .lO 210 70 30 190 -)._ 
5 .. l 1(,0 50 60 10 80 100 100 70 150 - 20 80 20 - 20 90 SA 580 2(,0 100 0 120 100 100 70 .lO 20 50 7() 50 210 40 270 
5.S. l 890 2(,0 2.lO 0 2(,0 200 200 0 40 80 
- -· -· 130 130 (,0 
5.S.3 3540 
- 700 2(J() 260 340 }10 6,o 0 HO 70 70 220 130 lJOO 160 
5/6 1810 1010 970 9·i0 240 390 390 210 .l20 .lOO - I.lO 40 170 1100 540 
6.2 1440 370 350 20 360 190 190 1200 340 220 ,100 1(,0 40 260 690 430 6.3 590 530 340 20 180 380 400 7(,0 - 200 - 2(,0 90 300 370 670 6.4 210 220 130 20 150 150 150 ISO 230 210 - ... 60 130 810 300 
6.5 120 530 310 120 160 220 - 360 170 130 - - 140 130 210 2760 
6/7 1750 140 130 90 150 240 240 340 180 290 - - GO 140 380 820 
7.1 390 180 90 60 - 100 100 320 -· 80 (,0 140 60 -
643A 23071 23359 
10 so 0 
- 550 -
440 2040 30 
440 780 -
- 90 70 
450 590 240 
550 490 90 
290 420 (,o 
80 340 30 
80 140 40 
100 1·10 0 
10 310 10 
.lO 180 10 
940 200 
-
1390 360 0 
940 1350 150 
760 720 290 
120 740 320 
870 - 170 
320 
- 290 
30 - 9')0 
50 20 
